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Recent C-E Steam Generating Units for Utilities 
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C. C-E Unit, shown at the 


left, is now under construction in 
Station No. 3 of the Rochester Gas 
& Electric Corporation, Rochester, 
N.Y. It is the latest of six C-E Units 
installed in this station since 1936. 

The unit, largest of the six, is 
designed for a capacity of 400,000 
lb of steam per hr, a pressure of 
775 psi and a total steam tempera- 
ture of 835 F. 

It is a 3-drum boiler with extra 
dry drum followed by separate 
economizer and an air heater. The 
furnace is completely water cooled 
using both plain and finned tubes 
and is equipped with a basket- 
type bottom discharging to a 
sluice. The unit is pulverized coal 
fired employing Type R Horizon- 
tal Burners. A large superheater 
occupies the first pass of the boiler 
ahead of the convection surface. 

Another C-E Unit of 400,000 lb 
capacity, designed for a pressure 
of 1475 psi and 955 F steam tem- 
perature, has recently been or- 
dered for a new station of the same 


company, 
— B-117 
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means close boiler water level control by COPES 
Flowmatic on two 675-psi, 825-F Combustion Engineer- 
ing two-drum steam generators, each rated at 200,000 
pounds of steam per hour, largest units in this country 
stoker-fired with anthracite. 


ENNISON STATION, most modern steam plant 

of New York State Electric & Gas Corporation, 
is benefitting from close boiler water level 
stabilization, provided by two-element COPES 
Flowmatic. Adjusted to carry a higher level 
on heavy loads than on light, total variation 
is within plus-or-minus one inch. The story is 
told in Bulletin 463—Boiler Feed Control at 








Westover, Greenidge and Jennison Stations. 
Write—your letterhead, please—for a copy. 


NORTHERN EQUIPMENT COMPANY 
376 GROVE DRIVE, ERIE, PENNSYLVANIA 


Feed Water Regulators, Pump Governors, Differential Valves, 
Liquid Level Controls, Reducing Valves and Desuperheaters 


BRANCH PLANTS: Canada, England, France 


Representatives Everywhere 


FLOWMATIC 





DIFFERENTIAL VALVES 


COPES Differential Valves maintain constant 
pressure drop across the feed water regulator 
valves, regardless of changes in pump pressure 
or line friction losses accompanying wide fluc- 
tuations in boiler load. Individually designed 
for each installation. Available in separate 


bodies, as illustrated, or in combination 
with the feed water regulator valve bodies. 





LIQUID LEVEL CONTROL 


For control of water or steam input or output, 
open or closed vessels. For throttling steam 
supply to fluid pumps. Semi-steel, cast-steel or 
forged-steel float chambers, with floats of dif- 
ferent sizes and materials to meet individual 
needs. The direct- or relay-operated COPES 


Valves have low friction, high lift, accurate 
balance, ports designed for each installation. 
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Natural Gas to the Eastern 
Seaboard 


After prolonged negotiations, during which a number of 
bids were received and rejected because of inadequacy, 
the War Assets Administration has finally sold the Big 
Inch and the Little Inch Pipe lines to the Texas Eastern 
Transmission Company for the delivery of natural gas 
from Texas fields to the Eastern Seaboard. The bid 
exceeded 143 million dollars which is only slightly under 
the wartime cost to the Government. This is quite 
unusual considering the very large losses sustained in 
the disposal of most of the Government’s wartime prop- 
erties. These lines, built and equipped to convey oil, 
will require further expenditure by the new owners to 
adapt them to gas pumping. Moreover, the sale re- 
quires approval by the Attorney General and a certificate 
of convenience and necessity by the Federal Power Com- 
mission. 

Opposition offered by the coal industry, the railroads, 
and their respective labor organizations was undoubtedly 
weakened by recollection of the public’s experience dur- 
ing the coal stoppage last fall. If so, the miners have 
themselves to blame, but the contentions of displacement 
of mine labor is discounted by increased industrial ac- 
tivity and export demands for coal. Comparatively 
speaking, the natural gas will displace only a very small 
percentage of the total coal burned in this region, and 
its use will be confined largely to residential and indus- 
trial purpose, rather than to power boilers. However, 
there is said to be a large surplus of supply over demand 
lor natural gas in Texas; the pipe lines are already built; 
and there is a substantial market in the East; therefore, 
the transaction appears both logical and econotnically 
sound, 


Reheat Again Being Considered 


About twenty years ago reheat was popular in this 
country and was incorporated in the design of a number 
of stations in both the 600-pound and the 1200-pound 
pressure classes. Steam temperatures were then gen- 
erally limited to around 750 degrees, but as advances 
in metallurgy resulted in higher total steam tempera- 
tures the need for reheating became less, from the sta- 
tion economy angle as well as that of the turbine. More- 

er, prevailing fuel prices did not appear to warrant 
(he increased initial cost and the added complication of 
rcheating. This became the general situation, with a 
low notable exceptions, throughout the thirties and until 
quite recently. ’ 

Now, however, in an effort to offset increased coal 
¢ sts, which in some sections are approaching ten dollars 


on, station economy is receiving more than the usual 
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attention. For some of the recently projected installa- 
tions steam temperatures have been further stepped up 
to a thousand degrees or more and reheat is again coming 
into the picture. 

Such high temperatures require much more expensive 
superheater materials as well as close regulation of steam 
temperature entering the turbine, but the extra cost ap- 
pears justified in these cases by the calculated reduction 
in station heat rate; and adequate means for close steam 
temperature regulation over wide load range are avail- 
able through control of furnace outlet gas temperature 
with final control by dampers or relatively small desuper- 
heaters. 

The best overall net station thermal efficiency, with 
steam, is now slightly over thirty-two per cent. This 
particular case involves reheat but only a moderate 
steam temperature. Some of the newer plants employ- 
ing both reheat and very high steam temperature are 
expected to show thirty-four per cent or better. 


Fuel Costs vs. Atomic Power 


Following release of general information on atomic 
energy to the public, much has appeared in print con- 
cerning cheap electric power anticipated from this source. 
It has been indicated that atomic power plants may be 
producing electricity efficiently within less than ten 
years. This does not mean, however, that at such time 
it will be economical to replace present fuels with this 
new source of energy, but that as a result of development 
work now proceeding at pilot plants and research labora- 
tories, designs may be advanced sufficiently to justify 
construction of a few plants in certain localities by that 
time. Such construction would also be contingent on 
sufficient supplies of uranium or plutonium at prices 
very much lower than today’s. 

The principal advantage sought through the use of 
atomic energy for power generation would be lower cost 
per kilowatt of energy delivered. The greatest saving 
should be realized in areas where costs of presently avail- 
able fuels are highest. Such areas, of course, must have 
sufficient demand for electrical energy to require a plant 
of at least 100,000 kw which is now estimated to be the 
economic minimum size of an atomic power plant. 

However, lowered fuel cost may not necessarily result 
in appreciable saving to the ultimate consumer. When 
it is realized that the cost of fuel is roughly one-sixth 
the cost of delivery a kilowatt-hour to a customer, sub- 
stantial fuel saving must be realized before the consumer 
can benefit materially. Moreover, it is expected that 
capital costs for atomic power plants will be higher which 
means higher fixed charges that will tend to offset any 


reduction in fuel costs. Should the atomic fuel costs 
become negligible, the total cost would then parallel in 
many respects that of water-power generation. 
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External Deposits 
on Boiler 
Heating Surfaces 


HE British Boiler Availability Committee has just 

issued an interim report on ‘‘External Deposits and 

Corrosion in Boiler Plants,’’ which represents the 
results of a careful study of many boilers and the deposits 
found in them. Laboratory analyses of hundreds of de- 
posit samples has enabled a broad classification to be 
made and has thrown light on their formation. Those 
found in the furnace, on the superheater, and in the boiler 
proper have been classified as high-temperature deposits, 
while those occurring on economizer surfaces and air 
heaters are termed low-temperature deposits, 


High-Temperature Deposits 


In the high-temperature regions of stoker-fired boilers 
three main types of relatively hard deposit have been 





Fig. 1—Bonded deposits on first-bank boiler tubes after 
732 hr (stoker fired) 


identified, namely, birdnesting, bonded deposits and 
phosphatic deposits. 

Birdnesting is generally found on the first bank of 
boiler tubes, although it is occasionally encountered in 
high-temperature superheaters. It is more prevalent in 
older boilers in which the first bank of tubes is set rela- 
tively low over the fire or in cases where high superheat 
requires high furnace outlet temperature. It is often 
encountered with pulverized coal. 

The composition of birdnesting deposits is usually simi- 
lar to coal ash; that is, it consists largely of fly-ash par- 
ticles bound together as the result of sintering. 
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A digest of a report issued by the British 
Boiler Availability Committee covering an 
investigation of the form and composition 
of deposits in a large number of boilers ex- 
amined. Deposits in the high-tempera- 
ture zones fall into three classes——bird- 
nesting, bonded types and phosphatic de- 
posits. Those in the low-temperature 
zones are different in character. The 
mechanism of deposit formation was in- 
vestigated and is discussed; and the be- 
havior of sulphates, bisulphates, phos- 
phates and chlorides was studied, particu- 
larly chemical changes taking place in the 
vapor phase. 


Bonded deposits are characterized by the bonding 
together of ash particles by some kind of cementing sub- 
stance that softens at relatively low temperature. They 
are extremely hard and compact and occur generally on 
superheater tubes, although sometimes also on boiler 
tubes. In the opinion of the Committee they are most 
serious with regard to boiler availability. 

Such deposits differ from those in birdnesting in that 
they contain from 10 to 50 per cent of material that is 
soluble in water, the soluble portion being composed 


chiefly of sulphates or bisulphates of sodium and potas- — 


sium which provide the bonding. The bisulphates are 
more troublesome than the sulphates, partly because 
they melt at lower temperature and partly because they 
combine with certain kinds of fly ash {that formed from 
pyrites in the coal) to form slag-like aggregates. A num- 





Fig. 2—Phosphatic deposit on superheater tubes after 800 hr 
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Fig. 3—Inlet to pendent superheater (right) after 718 hr 


ber of tests revealed that the flue gas in the regions where 
bonded deposits existed was hot enough to cause sinter- 
ing of the cementing material but not hot enough to 
soften the fly ash. 

Furthermore, it was observed that the inner layers of 
the bonded deposits were generally lighter in color than 
the outer layers. This was attributed to the fact (con- 
firmed by analysis) that the inner layers contain a larger 
proportion of sodium and potassium salts whereas the 
outer layers are almost wholly fly ash. 

The phosphatic deposits are similar in appearance to 
the bonded deposits, but they are bound together as a 
result of chemical attack of the fly ash. This attack is 
made by phosphorus compounds volatilized from the 
burning fuel. Difficulties from this type of deposit were 
not numerous, however, since only a small proportion 
of British coals contain phosphorus in sufficient quantity 
to cause such deposits. 


Low-Temperature Deposits and Corrosion 


Deposits formed in the heating surfaces of economizers 
are generally harder and more compact the higher the 
feedwater temperature. They are composed of fly ash 
and condensed substances, together with the products of 
complex chemical reactions. Moreover, the nature of 
the coal burned appears to have greater effect on the 
composition of economizer deposits than it has on the 
fly-ash type of high-temperature deposits. This is es- 
pecially true where phosphorus is concerned, its com- 
pounds often having a bonding action on low-tempera- 
ture deposits even though the amount of phosphorus re- 
leased from the coal may not be high enough to cause 
trouble in the high-temperature region. 

Economizer deposits range in composition from some 
that are rich in sulphate but contain little phosphate to 
others that contain a large proportion of phosphates and 
k-ss sulphate. In general, the richer the deposit in phos- 
Piate the less soluble it is and the greater will be the 
difficulty in its removal. . 

All troublesome air-heater deposits are characterized 
by the presence of free sulphuric acid. They tend toward 
a vrayish color which is determined partly by the amount 
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of unburned carbon present and partly by the size of the 
fly-ash particles. 

While corrosion in air heaters is often the result of the 
temperature in the coldest section falling below the dew- 
point of the gases, it may also occur at higher metal tem- 
peratures when small quantities of sulphuric acid raise 
the dewpoint of the gas to 300 F or more. 


Deposit Formation 


Deposits of the birdnesting type are produced by the 
sintering or fusion of fly-ash particles which have been 
sticky and adherent at the prevailing temperatures. 

The significant point resulting from analysis of other 
types of deposits is that certain of their constituents are 
present in far greater proportions than they are to be 
found in the coal ash. The most striking examples of this 
concentrating of material are shown by phosphorus. The 
same trends are shown by sodium and potassium and to 
a lesser degree by sulphur. The various materials appear 
to be formed from substances volatilized from the burn- 
ing fuel. 

A typical example of selective deposition is the high 
temperature deposit bonded by a matrix of sodium and 
potassium sulphates. It has been found that the soften- 
ing temperature of the matrix and the sintering tempera- 
ture of the deposit generally lie between the actual tem- 
perature of the heating surface and the gas temperature 
in the vicinity. The report expresses the opinion that 
selective deposition caused by gas and heating surface 
temperatures may account not only for the production of 
deposits rich in sodium and potassium on boiler tubes and 
superheaters, but also for the presence of large propor- 
tions of other substances in other sections, such as the 
economizer. 

A study of the volatilization of the various materials 
from the fuel bed showed that the sodium and potassium 
are easily driven off and appear to come principally from 
areas where the temperature of the fuel bed is high and 
where smoke is absent. While most of the sulphur in the 
coal appears in the gas as sulphur dioxide, some of the 
latter is oxidized to sulphur trioxide, although sulphur 
trioxide may also be released directly from the fuel bed 





Fig. 4—Control vanes of induced-draft fan after 827 hr 
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by decomposition of substances such as calcium sulphate. 
It is believed that the sulphur trioxide not only is re- 
sponsible for air heater corrosion, but also plays an im- 
portant part in the formation of high-temperature de- 
posits. 

Evolution of phosphorus has been found appreciable 
only when there are chemically reducing conditions in the 
fuel bed, and when temperatures are sufficiently high. 

Various chemical changes appear to take place in the 
vapor phase before the constituents concerned are finally 
deposited as sulphates, bisulphates, phosphates or sul- 
phuric acid. The study of such changes formed an im- 
portant part of the research, particularly the mechanism 
by which the sodium and potassium combine with the 
sulphur and with oxygen to form the bonding material of 
high-temperature deposits. The results suggest that 
the process involves reaction of the sodium and potassium 
vapors with sulphur trioxide. Subsequently the sul- 
phates, or bisulphates, are deposited on the boiler heating 
surfaces where they produce the white inner layer of the 
material that is so characteristic of such deposits. This 
layer, which contains little ash and a large proportion of 
material soluble in water, provides a foundation for the 
deposition of additional solid or semi-solid particles. 


Catalytic Action by Rust 


Investigation has shown that sulphur trioxide can also 
be formed by catalytic oxidation of sulphur dioxide on the 
boiler surfaces, particularly on the superheater where it 
is at the necessary temperature. Results which have 
been published indicate that the rust on superheater 
tubes, and to a lesser extent, deposits on them, are cata- 
lytic at the temperatures encountered in modern boilers. 

Another fact that seems to be well established is that 
there is less trouble with high-temperature deposits when 
there is adequate turbulence of the combustion gases in 
the furnace. 

In the earlier phases of the research there was evidence 
that boilers burning coal containing much chlorine suf- 
fered severely from high-temperature deposits. It was 
also suspected that deposit trouble and particularly air- 
heater corrosion was bad when coals of high sulphur con- 
tent were burned. More recent work has proved that 
these conclusions were justified. 

The recent work on the effect of fuel has included an 
intensive study of conditions at thirty-six British power 
stations and resulted in analysis of about six hundred 
samples of deposits and over three hundred samples of 
coal. More than thirteen hundred microscopic slides of 
deposits were made. 

In examining deposits from all thirteen electric gener- 
ating stations in Britain that burn only the coals rich in 
phosphorus, but low in sulphur and chlorine, it was con- 
cluded that such coals can best be burned in pulverized 
form, and with good availability on traveling-grate 
stokers; but that rapid development of phosphatic de- 
posits may be incurred if they are burned on retort stok- 
ers. This was explained by the fact that the amount of 
phosphorus available for the formation of deposits seems 
to be related to the temperature of the fuel bed and to the 
reducing or oxidizing conditions that exist, and combus- 
tion on retort stokers is under relatively reducing condi- 
tions. It was suggested that similar trouble might arise 
with traveling-grate stokers if too deep a fuel bed were 
carried, or if the air supply were not uniform. On the 
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other hand, all the flue dusts examined from boilers fire: 
with pulverized coal contained very little phosphate 
Coals of medium phosphorus content (about 0.02 pe 
cent) were not found to be associated with troubleson 
phosphatic deposits. 


Underground Gasification of 
Coal 


hortly before the war considerable interest was 
aroused by a report from abroad that the Russians 
were experimenting with underground gasification of 
coal, but very little factual information concerning this 
was available, either then or since. Now, according to 
Dr. R. R. Sayers, Director of the U. S. Bureau of Mines, 
a similar project is being carried out by the Bureau, in 
collaboration with the Alabama Power Company, at 
its Gorgas mine near Jasper, Ala. 

The experimental work was begun in January of this 
year, and resulted from the Company's interest in the 
practical application of piping gas from a burning coal 
seam to the boilers of a nearby power plant. 

Isolating a coal bed from an active part of the mine, 
two horizontal entries six feet in width were dug into a 
2'/.-ft coal seam and connected by a cross cut. Con- 
crete piping was installed at each end of the two entries 
of the U-shaped structure. Several holes were core- 
drilled from the surface into the coal seam to take gas 
samples and temperature readings; and to start the 
combustion process, incendiary bombs were dropped 
into several of these holes. Using a compressor, air 
was blown into one entry as gas emerged from the other. 

No difficulty was encountered in maintaining com- 
bustion, and mechanical difficulties were eliminated 
during the first sixteen days of the experiment. However, 
the resistance resulting from roof falls and other undeter- 
mined causes prevented an air flow sufficient to obtain 
the desired temperature in the burning coal and the 
quality sought in the gas. Therefore, a limited quantity 
of oxygen was introduced to enrich the air. 

After the supply of oxygen was exhausted, an air blast 
was coursed through the tunnel and this resulted in a 
steady improvement in operating conditions and gas 
quality. A relatively high grade synthesis gas also was 
produced by alternately blowing air and steam into the 
burning mine. It is understood that the Russian system 
also utilizes alternate periods of air blasting and intro- 
duction of steam. 

Roof falls, such as occurred, are to be anticipated, 
but in order to study what actually took place, strata 
overlying the burned area will be removed by bulldozers 
and shovels for analysis. The burned area will be 
steamed for several days and then flooded with water 
before extracting the stratified rock above the coal. 

While further extensive study will be required to de- 
termine definitely the technical practicability of pro- 
ducing gas from a burning coal mine, indications are 
that this gas could be used successfully not only in 
manufacturing synthetic liquid fuels, but also for in- 
dustrial use and burning under boilers. Since from 35 
to 50 per cent of the coal in the ground is left after usual 
mining operations, its gasification underground may be 
the answer to recovery of this potential energy. 
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Carryover Problems and 


Identification of Carryover Types 


The four common types of carryover— 
priming, foamover, spray and leakage— 
are discussed with reference to their 
identification, their sources, and the 
factors affecting them. Of these four 
types, that due to foaming is the most 
common and troublesome and _ test 
methods are described for determining 
the presence of foam blankets. 


N THE investigation of a known carryover problem, 
the information desired is the cause, source and correc- 
tion of the carryover rather than the absolute amount 

of impurity in the steam. In such work, the judg- 
ment, imagination, curiosity and persistence of the test 
engineer is of more value than his ability to read a meter 
or calculate a result accurately. Inability to see what 
is happening within the boiler is a handicap and it be- 
comes the duty of the test engineer to devise test meth- 
ods that will suggest and confirm his conclusions as to 
the cause and source of the carryover. 

To the operating engineer, carryover is simply a nuis- 
ance condition to be eliminated as quickly as possible. 
He may have little appreciation of the various conditions 
that cause or affect carryover, and generally has a mini- 
mum of information of value for analysis of the trouble. 
Routine steam test data may be available, giving rating, 
boiler-water concentration, water level, and other condi- 
tions of the test period, but in many cases the only avail- 
able evidence of the carryover is fouling of turbine blades 
or burned-out superheater tubes. When the carryover 
occurred, whether it was continuous or intermittent, and 
the type and degree of carryover, are often matters of 
conjecture. 


Classification of Carryover 


Carryover problems can be divided, roughly, into two 
general classes: those where the carryover is definite 
and often excessive when certain limits of rating, concen- 
tration, or water level are exceeded; and those where rou- 
tine tests show little if any carryover but loss of super- 
heater tubes or fouling of turbine blades indicate that a 
carryover condition exists. 

Carryover, itself, may be classified under four types. 

|. Priming, which is the development of excessive moisture in 

the steam due to spouting or surging of boiler water into 
the steam outlet. 

2. Foam carryover, or foamover, which is the development of 
various degrees of moisture in the steam due to carryover 
of foam from the drum. —_ 

3. Spray, mist or fog, which are degrees of atomization of the 


boiler water, steam-borne from the drum by the steam in 
much the same manner as dust is carried by air currents. 


- 
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4. Leakage, which is a general term applied to leakage or by- 
passing of impure steam, or boiler water, through the drum 
internals 


Factors Affecting Carryover 

A relatively large number of factors may affect these 
types of carryover to different degrees, and it is by analy- 
sis of the effect of such factors on the carryover condi- 
tion that the type and source of the carryover may be 
identified. The following tabulation gives a list of typi- 
cal factors under three classifications of “Mechanical 
Conditions,” ‘“Water Conditions’ and “Operating Con- 
ditions.”’ 

TYPICAL FACTORS AFFECTING CARRYOVER CONDITIONS 


Mechanical Conditions Water Conditions Operating Conditions 


Boiler design Source and makeup Rating 
Drum sizes Concentration Changes in rating 
Number of drums Alkalinity Pressure 


Drum internals 

Circulation 

Radiant vs convection 
heating surface 


Water level 

Changes in level 
Blowing flues 
Blowing safety valve 


Organic matter 
Suspended matter 
Chemical feed 
Inherent foaminess 

In the event of a carryover being of unknown source, 
we may identify the type by determining the effect of 
these various factors in much the same manner as a doc- 
tor diagnoses an ailment by inquiring into the patient’s 
diet, activities and environment. 

It is important to note that these factors cannot be 
listed in order of their importance, nor are they of equal 
importance, as their effect varies in different cases. 
These factors should not be considered as causes of 
carryover, but as conditions that may be varied for pur- 
poses of testing a carryover condition in a single boiler, 
or used for purposes of comparing carryover conditions 
in different boilers. 


Sources of Carryover 


There are two distinct phases of a carryover condition. 
First, there is the development of a source of carryover 
within the boiler, and second, there is development of 
actual carryover. Since many of the above factors may 
affect both the development of carryover sources and of 
carryover itself, a multitude of combinations of factors 
may result in a variety of operating results. 

It is often a minor mystery why, out of a number of 
similar boilers operating under more or less the same con- 
ditions, one will give carryover trouble, why some boil- 
ers have high boiler-water concentration limits and others 
have low limits; why superheater tubes fail after tests 
have shown good steam purity; or why a boiler may give 
good steam today at a high rating and concentration, and 


* A paper presented at the Seventh Annual Water Conference, Pittsburgh, 
Pa., January 6-8, 1947. 
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Fig. 1—Example of priming caused by high water level 


give carryover tomorrow at a lower rating and concen- 
tration. 

It is obvious that if high water levels, atomization of 
boiler water, and formation of foam films did not develop 
in a boiler, we would not have priming, spray carryover 
or foamover. On the other hand, all three of these sources 
may be, and usually are, present without causing actual 
carryover. The burden of controlling these sources of 
carryover falls on the drum internals, which are designed 
to handle reasonable amounts of spray and foam and 
operate with an extremely high overall efficiency. Carry- 
over problems develop when the sources of carryover be- 
come excessive and it is the variety in the development of 
these sources that results in the variety of performance. 
Obviously, if drum internals become submerged by high 
water level, priming is likely to result or if similarly sub- 
merged in excessive amounts of foam, foamover is likely 
to cecur. 

Let us for a moment, make a simple analysis of the proc- 
ess of obtaining pure steam. The process of separation 
and purification is not a process of separating steam from 
water, but rather of separating water from steam. With 
a circulating ratio of say 10 lb of water per pound of 
steam, and with a boiler water of say 1000 ppm concen- 
tration, the contamination to be separated from the steam 
amounts to 10,000 ppm. To reduce this contamination 
to the desired 1 ppm in the outlet steam, 99.99 per cent 
of the circulating water must be separated in the drum. 
When this liquid is present in various proportions of bulk 
liquid, spray and foam films, it is not surprising that this 
high overall efficiency is not consistent in all boilers. 


Test Methods 


In making tests for the identification of types of carry- 
over and their sources, arrangements should be made to 
obtain continuous readings on such major factors as rat- 
ing, boiler-water concentration, water level and steam 
purity over a period in which a number of operating con- 
ditions are varied. Minor conditions, such as periods 
of feeding chemical to the boiler, blowing flues, popping of 
safety valves, etc., are recorded and the plotted data of 
such tests present a coordinated picture, suitable for 
analysis of the problem. It is important that the readings 
be continued during changes in operating conditions as, 
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in many cases, these operating changes cause intermitten 
carryover that is not reflected in occasional or routin 


tests under fixed conditions. Although such a progra 
may seem to be time-consuming, it may be complete: 
rapidly because it is not necessary to hold any given se! 
of operating conditions more than a half hour to obtain 
the desired information. The important thing to remem 
ber is that the object of such tests is to determine the 
conditions that precipitate or eliminate the carryover, 
not only so that these conditions may be avoided during 
regular operation, but so they may be analyzed to deter 
mine the type and source of the carryover. 


Priming 


Of the four types of carryover, priming may be passed 
over quickly as being relatively rare and readily identi- 
fied. This type of carryover is usually due to too high 
water level, spouting of submerged riser tubes or sudden 
swelling of the water in the boiler on drop in pressure or 
sudden increase in rating. Boiler-water concentration is 
seldom a factor in priming, a visibly high water level or 
unusual surging in the gage glass identifying this source 
without trouble. 

In Fig. 1, a typical priming condition is shown by 
plotted results of a test. Operating at constant rating 
and water concentration, the potential source of carry- 
over is evident when the water level was increased to the 
center of the drum. Note that the conductivity scale 
changes at 5 and 55 micromho and that with water level 
4 to 5 in. below the drum center, the steam to the dry 
drum is less than 5 micromho. The sensitivity to water 
level was due, in this case, to the position of the steam 
circulators which were low in the drum to meet installa- 
tion restrictions. Lowering normal water level from 5 to 
10 in. below the drum center eliminated the source of the 
carryover and allowed operation of the unit to over 600,- 
000 Ib per hr and 1500 ppm concentration. 
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Fig. 2—Leakage carryover, before and after change in drum 
internals 
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Leakage Carryover 


Leakage carryover can also be eliminated as a major 
type of carryover, but can be troublesome because it is 
often localized. Leakage is directly traceable to poor de- 
sign or installation of drum internals and should be sus- 
pected in event of localized superheater failures. At 
times, the local contamination may not be sufficient to be 
reflected in purity tests of the total steam flow and the 
use of local sampling lines may be necessary to confirm 
the leakage. A careful inspection of the drum internals 
will usually reveal this source of carryover. In cases 
where the leakage is sufficient to register in purity tests of 
the total steam flow, it will be found that the impurity 
increases slowly and steadily with rating and is relatively 
insensitive to changes in water level and boiler-water con- 
centration. 

Fig. 2 shows data on a leakage carryover condition, be- 
fore and after correction of the drum internals. Note 
that the carryover was not excessive, but followed the 
changes in rating. After correction of the leakage, the 
unit could be operated at higher rating and higher water 
level without trouble. 


Spray Carryover 


Spray carryover covers a wide range in degree of carry 
over, from the small amounts of atomized mist that 
account for the normally small impurity in commercial 
steam, to heavy carryover when the capacity limits of the 
boiler or drum internals are much exceeded. This source 
of carryover is present in all boilers to different degrees 
and is the function of the drum internals to separate and 
filter out such spray before the steam leaves the drum. 
Development of spray carryever indicates failure of the 
drum internals due to exceeding the velocity limitations 
of the purification equipment. It is characterized by 
initial development at less than full rating and by a con- 
sistent increase with increase in rating. If rating. is in- 
creased sufficiently, this type of carryover becomes 
similar to priming. True spray carryover is not sensitive 
to changes in boiler-water concentration, but will change 
to foamover when foaming develons in the boiler. A 
familiar type of spray carryover is the half per cent mois- 
ture in steam that used to be permissible and amounted 
to from 5 to 50 ppm of solids impurity. Improved 
methods of filtering out the steam-borne mist have re- 
duced this former standard to less than | ppm. 


Foam Carryover 


Foam carryover, or foamover as it may be termed, is 
by far the most common, most troublesome, and most 
erratic type of carryover. Foam forms in the steam 
generating sections of the boiler when the water films 
around the generated steam bubbles are stabilized by the 
impurities in the boiler water. The boiler circulation 
carries this foam up to the boiler drum where it tends to 
accumulate on the water level. If the rate at which the 
ioam is delivered to the drum is less than the rate at which 
the foam bubbles are destroyed, there will be a limited 
thickness of foam blanket on the water level, but no 
irryover under normal conditions. If, however, the 
te of foam delivery to the drum exceeds’the rate at 
hich the foam can be destroyed, the foam eventually 
ls the drum and is carried out by the steam. 

It is important to note that the factors which are in- 
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volved in development of foaming in the boiler are not 
necessarily the same as are involved in foam carryover, 
but that foam carryover cannot develop unless there is 
foaming in the boiler. Foaming is basically a result of 
chemical conditions, and boiler-water concentration and 
composition are the important factors involved. Any 
condition of carryover that can be precipitated or elimi- 
nated by a change in boiler-water concentration, other 
operating conditions being equal, may safely be assumed 
to be due to foaming. Actual rating on the boiler and 
actual boiler-water concentration values may have little 
significance for comparison with performance of other 
boilers in other plants. When operating just below a criti- 
cal concentration limit, this type of carryover is very 
sensitive to minor operating conditions such as a change 
in rating, feeding chemicals to the boiler, blowing flues 
or even opening a blowdown valve. 
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66 Inch Diameter Drum 





Rating Poiler Water Blowoff PBlowoff Foam Blanket on 


x lb/hr Water Level No 1 No Water Level 
P.P.M. Inches (+2") ( -5" ) Inches 

225 2700 -16 D v Under 18-Over 11 
225 2700 -13 v Ww Over 15 
225 3300 -13 7 w Over 15 
225 3940 -13 v Ww Over 15 
225 5020 -13 W Ww Over 15 
225 5300 -15 W W Over 15 


No Carryover From Large 66 Inch Diameter Drum 


Fig. 3—Method of determining foam blanket on water 
level 


Special Tests for Identification of Foam 


Much of the special test method that has been devised 
for identification of carryover has been for the purpose 
of demonstrating the development of foaming and the 
presence of a foam blanket on the water level. Many of 
these tests have been suggested by observations on a low 
pressure test boiler, fitted with windows and electric 
lights. It has been found that the general mechanism of 
foam accumulation in the drum and of foam carryover is 
practically the same in both low- and high-pressure 
boilers. 


Foam Accumulation on Water Level in Drum 


The presence of a foam blanket on the water level may 
be demonstrated by simple test lines as shown in Fig. 3. 
Small diameter lines are installed in the drum at fixed 
elevations above the water level and fitted with valves 
to allow free blowoff to atmosphere. In the absence of 
foam on the water level, these test lines will give a hot, 
dry and nearly invisible blowoff of superheated steam, but 
as they become submerged in foam, the discharge changes 
to a cold, visible and very wet blowoff. In Fig. 3, two 
such lines are located 11 and 1S in. above normal gage- 
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Rating Roller Water Plowoff Blowoff Slowoff Foam Blanket on 

M lb/hr Water Ttevel No 1 No 2 No 3 Water Tevel 

P.P.M. Inches (+2") (-5") (-10") Inches 

175 2950 -16 D D ~ tmder 11 
175 2950 -13 D bf - Under 15-Over 8 
185 3000 -16 ~ - D Under 6 
185 3000 -13 ~ - D Under 3 
185 3000 -12 - - D Under 2 
200 2950 16 D W - Under 18-Over 11 
200 2950 -13 W W - Over 15 
225 2950 -16 D W - Under 18-Over 11 
225 2950 -13 v ~ Over 15 


Foam Carryover at 225,000 1b/hr 
With 3400 P.P.M. at -12 " Level 


Fig. 4—Method of shielding water level test lines 


glass water level. As seen by the tabulated observations, 
the foam blanket on the water level is over 15 in. thick, 
but no carryover developed with high concentrations be- 
cause of the liberal diameter of the drum. 

In Fig. 4 a similar test line installation in a 60-in. di- 
ameter drum shows a foam blanket of 12 to 15 in. Note 
that foam carryover developed with relatively small in- 
crease in concentration and water level. 

When first used, these test line discharges suggested 
that the water level in the drum was higher than in the 
gage glass, or that the observations were false because of 
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Fig. 5—Results of foam blanket test in front drum of 
three-drum boiler 
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splashing and surging in the drum. In order to confir: 
the results, a method of shielding the blowoff line by 
water-sealed tube was developed, as shown in Fig. 5. 
Shielded lines will not register foam levels unless th 
foam builds up and flows over the top of the shielding 
tube. As noted in the data, this shielded test line di 
charged dry steam within two inches of the gage-glass 
water level. 

Such test lines have been used many times, both in the 
active section of the drum and at the ends of the drum 
where they are not subjected to excessive splash or surg- 
ing. They may be used to determine operating water 
levels when boiler water concentrations are low, but will 
register foam levels when there is a blanket of foam on 
the water level, unless shielded as described above. 

Fig. 5 shows data taken with a single test line located in 
the front drum of a three-drum boiler. Note that this 
test line shows dry steam, 6 in. above the center of the 
drum, at all ratings with boiler water concentration below 
1200 ppm; but shows the presence of foam even at low 





Time Time 


Fig. 6—Foam carryover test showing sensitivity to change 
in water level 


ratings when the concentration is above 1800 ppm. Car- 
ryover from this boiler was traced directly to excessive 
amounts of foam carried over from the front drum to the 
rear drum, where it flooded the steam washer and steam 
dryer and prevented proper functioning of this purifica- 
tion equipment. 


Development of Foaming with Increased Concentration 


In the usual method of testing a boiler for carryover, 
the steam is sampled at the boiler drum outlet or super- 
heater inlet. If carryover occurs, the drum internals are 
usually blamed without consideration of the conditions 
under which they may be operating. Further, if the unit 
happens to be sensitive to carryover within the normal 
range of rating, water concentration or water level, there 
may be one or more periods of heavy carryover to the 
superheater and turbine during the tests, and in the 
haste to correct the condition, much valuable information 
may be lost. 

Figs. 6 and 7 show data of tests by this method, the 
carryover in each case being kept low by careful operation 
and slow changes in operating conditions. In Fig. 6 
operating at constant load of 480,000 Ib per hr and con- 
stant water concentration of about 1200 ppm, small 
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carryover was precipitated by an increase in water level. 
Such carryover might be assumed to be due to the change 
in water level alone, but repeating the test at lower con- 
centration showed no carryover developed with higher 
and fluctuating water level and during a load pickup. The 
basic source of the carryover was foam formation at the 
higher concentrations. The small increase in water level 
also raised the foam level in the drum and resulted in 
carryover. The unit was not inherently sensitive to 
changes in water level alone. 

In Figure 7, a concentration limit test was made by 
operating at constant load and allowing concentration to 
build up slowly until carryover developed. When steam 
samples showed evidence of potential carryover at 2500 
ppm, the boiler was blown down to safe operating limits. 
Incidently, this test was made at reduced load and when 
repeated at full load, the concentrated limit was found to 
be about S00 ppm. Concentration limits, determined 
in this manner, under carefully controlled conditions, are 
critical limits and sensitive to minor changes in operation 





Time 


Fig. 7—Results of concentration limit test 


of the boiler. Safe limits for regular operation usually 
have to be carried 200 to 500 ppm lower. 

An improvement in this method of testing is illustrated 
in Figs.8and9. As shownin the drum diagrams, steam 
sampling lines are located in the drum between the vari- 
ous stages of separation and purification. Such samples 
are much more sensitive to potential sources of carryover 
and will register before actual carryover occurs. By 
keeping a close watch on these samples, carryover can be 
predicted and the test stopped before undesirable im- 
purities are carried over into the superheater or turbine. 

In Fig. 8 the development of foaming at low rating and 
low boiler water concentration is clearly shown. At 
rating of 365,000 Ib per hr and concentration of 
395 ppm, dryer inlet steam tested 40 to 50 micromho 
which is typical of a spray condition. With increase in 
concentration to 485 ppm, the increase in conductivity 
of the steam sample was greater than expected and in- 
dicative of initial foam development. Evidence of foam- 
ing was further indicated by sensitivity to a small swing 
in rating. With rating reduced to 230,000 Ib per hr the 
addition of further chemicals resulted in a radical change 
in conductivity of the steam sample, accompanied by a 
small amount of carryover to the saturated header. 4 

In Fig. 9 the effect of foaming on performance of drum 
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Fig. 8—Development of foaming at low rating and low 
concentration shown by drum steam samples 


internals is strikingly shown. In this case, steam samples 
were taken back in the drum at the inlet of a bank of 
screens (No. 1) as well as at the inlet to the final dryer 
(No. 2). At low concentrations and in the absence of 
foaming, the dryer inlet sample (No. 2) registered as good 
steam purity as at the superheater inlet, and the screen 
inlet sample (No. 1) showed only about 50 micromho of 
spray impurity. With increase in concentration to only 
385 ppm, the screen inlet sample (No. 1) showed radica! 
increase in conductivity, suggestive of foam develop- 
ment. Protected by the screen bank, the dryer inlet 
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Fig. 9—Improved method of testing shows excessive foam 
development without carryover to header 
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Time = l’inutes During Chemical Feed 


Fig. 10—Relative rates of increase in conductivity of drum 
steam and boiler water samples during addition of chemicals 


steam (No. 2) continued to show less than 5 micromho 
conductivity until concentration was increased to 525 
ppm. This increase from 385 to 525 ppm increased dryer 
inlet steam conductivity from less than 5 to over 600 
micromho, a positive indication of excessive foam accu- 
mulation in the drum. The screen inlet sample under 
these conditions tested over 800 micromhos and was 
practically constant. It was evident that this sample 
line was completely submerged in the foam blanket in 
the drum. 

Note that despite these radical changes in quality of 
the drum samples, no carryover developed and the test 
was completed under full control. The limitations of the 
unit, and the effect of various operating factors, could be 
determined without danger of serious carryover to the 
superheater and turbine. These results show clearly the 
burden imposed on drum internals when excessive foam- 
ing develops entirely as a result of increase in boiler-water 
concentration. Normal full load on this unit is 370,000 
Ib per hr, but peak loads of over 420,000 Ib per hr have 
been carried with outlet steam conductivity of less 
than half a micromho, as long as boiler water concentra- 
tion was below the foaming limit. 
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Fig. 11—Test results showing concentration limits at which 
excessive foaming develops 
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Fig. 10 shows the relative increase in conductivity of 
boiler water and drum steam sample during the addition 


of chemicals. During the initial stage of chemical feed, 
before excessive foaming developed, the two conductivity 
records parallel each other as would be expected if the 
moisture in the steam is boiler water spray. With de- 
velopment of foaming, the conductivity of the steam 
sample increases radically, showing over 2000 per cent 
increase. 

Fig. 11 shows the plotted break points in drum steam 
conductivity for various ratings and boiler water concen 
trations. Note that the concentration is of much more 
significance than the rating. These values do not repre- 
sent concentrations at which carryover occurs, but at 
which excessive foaming develops. Drum internals will 
control this foaming to a limited extent, but above these 
concentrations carryover is likely to be precipitated by 
minor operating changes such as a change in rating or in 
water level. In this particular unit, however, excessive 
foaming at relatively low boiler-water concentration is 
the basic cause of carryover. 

It should not be inferred that foaming develops at any 
particular boiler-water concentration. In rare cases, 
it may develop at very low concentrations or conversely, 
it may not develop at relatively high concentrations. 
If a boiler has carryover the methods here described 
may be of help in tracing the basic cause of the trouble. 


Summary 


The four common types of carryover are (1) priming, 
(2) foamover, (3) spray and (4) leakage. In investigation 
of carryover problems it is desirable to identify the type 
of carryover involved preliminary to correction. 

Both the development of sources of carryover, and of 
carryover itself, are affected to different degrees by a 
variety of factors which may be classified as mechanical 
conditions, water conditions and operating conditions. 
A number of combinations of these factors may produce 
a variety of performance, as evidenced by the different 
limits in rating, concentration and water level that exist. 

Of the four types of carryover, that due to foaming in 
the boiler is the most common, the most troublesome and 
the most erratic. Special test methods are devised for 
demonstrating the presence of foam blankets on water 
levels in drums and the development of foaming with in- 
crease in boiler water concentration, and for obtaining 
boiler performance data without danger of serious carry- 
over to the superheater and turbine. 
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Modified Super-Regenerative 


Arrangement Proposed 


In a paper reviewed in COMBUSTION 
of September 1944, J. F. Field, Electrical 
Engineer, City of Edinburgh, Scotland, 
proposed a steam ‘‘super-regererator”’ 
employing a nearly reversible cycle with 
multiple regeneration up to the maximum 
operating temperature. Recently Mr. 
Field has been granted a patent on a 


modification and claimed simplification 


of this scheme, presented as two alter- 
natives, each ermploying a compound cy- 
cle. In the first the fluids of the pri- 
mary and the secondary cycles are sepa- 
rated, and in the second they are com- 


bined. In view of the previous publica- 
tion of the first proposal, this later scheme 


is reviewed for those interested in such 
studies. 


HE thermal efficiency of a steam cycle depends pri- 

marily upon the absolute temperature at which heat 

is added to and rejected by the cycle. Since heat is 
usually rejected at the lowest practicable temperature, 
heat must be added at a higher temperature to improve 
the efficiency of a cycle. In the Rankine steam cycle, 
the weighted average temperature of heat intake is rela- 
tively low even with regenerative feedwater heating and 
comparatively high superheat. Most of the heat is 
added in the boiler at the saturation temperature corre- 
sponding to the operating pressure. There would be a 
substantial thermodynamic advantage in taking all the 
heat into the working fluid at the upper limit of tempera- 
ture imposed by the strength of the constructional ma- 
terials available. 

By using a working fluid such as mercury, which has a 
critical temperature much in excess of that of water, it 
is possible to increase the intake temperature. The 
mercury cycle can be superimposed on a conventional 
Rankine steam cycle, resulting in a binary cycle having 
a high thermal efficiency. Mercury as a working fluid 
however, has many disadvantages. It is scarce and ex- 
pensive. Its vapor is poisonous and has a deleterious 
effect on metals which come in contact withit. It would 
be preferable to use a working fluid that does not have 
these disadvantages, yet can take heat into the cycle at 
a high temperature. 

On this premise the inventor of the ‘‘super-regene~a- 
tor” steam cycle, Mr. J. F. Field, has conceived two 
compound cycles. Each of the compound cycles is ar- 
ranged so that all of the heat is taken into the primary 
cycle. By using superheated steam as the working 
medium in the primary cycle, it is possible to attain a 
high initial intake temperature. In the ideal or Carnot 
cycle, heat is added by a reversible isothermal process. 
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In these iwo proposed cycles an isothermal intake process 
is approximated by alternately expanding and reheating 
the steam. Since the originator considers these com- 
pound cycles modificat.ons of the ‘‘super-regenerator’’ 
cycle, previously described, they will be designated in 


the description that follows as Alternate | and Alternate 
» 


Alternate 1 


Alternate | is a compound cycle consisting essentially 
of a high-temperature primary cycle and, isolated from 
it, a lower temperature Rankine regenerative secondary 
cycle. The primary cycle is made up of a separately 
fired multi-stage superheater, a steam turbine, a multi- 
stage steam compressor and two steam heat-exchangers 
which furnish sensible and latent heat required by the 
secondary cycle. The secondary cycle is a Rankine 
regenerative cycle with steam heat-exchangers replacing 
the conventional boiler and superheater. 

A temperature-entropy diagram for this proposed 
cycle is shown in Fig. 1. In the primary cycle slightly 
superheated steam, represented by the point Il, is com- 
pressed isentropically to point Q. The steam is then 
alternately superheated and expanded from point Q to 
point R. From point R it expands isentropically to 
point 7. The steam then alternately rejects heat to the 
secondary cycle and is compressed until it is returned to 
point lV. This cycle is in effect a closed gas-turbine cycle 
utilizing reheat between turbine stages and intercooling 
between compressor stages, and working with steam as 
the primary fluid. A portion of the steam is bled from 
the turbine at point S and furnishes heat to superheat 
the steam of the secondary cycle. After giving up some 
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Fig. 1—Termperature-entropy diagram for first alternate 
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of its heat, the bled steam is returned to the cycle at 
point LU’. 

The Rankine secondary cycle, modified by regenerative 
feedwater heating, is represented in Fig. 1 as ABCDEF. 
Process AB approximates the conditions existing with 
multiple regenerative heating when the relative quanti- 
ties of water and bled heating steam are taken into ac- 
count. Sensible heat is added to the water until it 
reaches the saturation temperature shown as point C. 
Steam is generated from point C to point D. The heat 
rejected by the primary cycle, in compressing the steam 
from point 7 to point JV, is sufficient to supply all the 
sensible and latent heat required between the points B 
and D. Since heat is required from the primary cycle 
to superheat the secondary steam from point D to point 
E, a portion of the steam is bled from the expansion pro- 
cess at point S. This steam is cooled at substantially 
constant pressure, the rejected heat being transferred to 
superheat the steam of the secondary cycle. 

It is possible to bleed steam from the primary cycle 
because the total quantity of steam circulated is sub- 
stantially greater than that flowing in the secondary 
cycle. As previously described, the bled steam after 
reaching the condition represented by point L’, combines 
with the steam following the process TV. 

From the condition / the majority of the secondary 
steam is expanded isentropically to point F, small quanti- 
ties of steam being bled at appropriate turbine stages to 
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Fig. 2—Diagrammatic arrangement of equipment for cycle 
shown in Fig. 1 
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heat the feedwater. In the process FA, heat is rejected 
in the condenser. 

A diagrammatic arrangement of the equipment of the 
cycle is shown in Fig. 2. Combustion air enters at 6 
and is heated in the air preheater, designated as 4. 
After passing through the duct, 5, it combines with the 
fuel in the combustion chamber, J. The products of 
combustion first pass over the heating surface of the 
multi-stage superheater, 2, and then over the air pre- 
heater surface. After compression the steam of the 
primary cycle enters the first stage of the separately fired 
superheater through line 10. The constant-pressure 
heating process accomplished in the first stage of the 
superheater is represented by QN on the temperature- 
entropy diagram, Fig. 1. Subsequent reheating proc- 
esses that occur in the multi-stage superheater are indi- 
cated by the lines parallel to QN, the last reheat stage 
being represented by J/R. 

After initial heating in the first superheater stage the 
steam is expanded in the first stage of the turbine, identi- 
fied as 8 in Fig. 2. This expansion is represented by VO 
on the temperature-entropy diagram. After alternate 
heating and expansion processes the steam is expanded in 
the remaining turbine stages and is exhausted through 
line 9. This is indicated as R7 in Fig. 1. 

After leaving the primary steam turbine, 8, the steam 
passes to the first stage of the heat-exchanger, 15, where 
it rejects some heat to the secondary cycle steam. This 
process is represented as 7Z in Fig. 1. The primary 
steam is then alternately compressed and cooled and 
leaves the last cooling stage at point |’ in Fig. 1. It is 
then compressed in the remaining stages to point Q. 

The relatively low-pressure steam that is bled from 
the primary turbine at condition S (Fig. 1) passes through 
line 11 (Fig. 2) to the heat exchanger, identified as 16. 
Here it transfers heat to the higher pressure steam of the 
secondary cycle. After leaving this heat exchanger, 
which replaces the conventional superheater in the 
secondary Rankine cycle, this bled steam passes through 
line 18 and re-enters the primary cycle in heat-exchanger 
15, essentially at condition U’ on the temperature-entropy 
diagram. 

In the secondary cycle the hotwell pump, 25, feeds the 
condensate to the feedwater heaters, 26. At a suitable 
number of extraction points, between P and F on the 
temperature-entropy diagram, steam is bled from the 
turbine. This bled steam that has done some work in 
the expansion process then adds the remainder of its 
energy to the feedwater. In Fig. 2, the feed pump, or 
pumps, are shown diagrammatically as 27. By taking 
into account the relative quantities of water and bled 
steam these regenerative heating processes may be indi- 
cated on the temperature-entropy diagram as AB. 

After passing through the feed pipe, 20, the water 
enters the secondary side of the heat-exchanger, 15, 
where heat is added. The sensible heat added in the 
heat-exchanger is represented by BC on the temperature- 
entropy diagram and the latent heat added by CD. It 
will be noted that the usual economizer and boiler are 
replaced by this heat-exchanger, which performs the same 
functions, but uses the superheated steam of the primary 
cycle as the heating medium. 

The saturated steam leaves this exchanger through 
pipe 17 and enters heat exchanger 16, where heat is added 
corresponding to DE in Fig. 1. This superheated 
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Fig. 3—Temperature-entropy diagram for second alternate 


secondary steam then passes through line 19 to the steam 
turbine, 27, where it is expanded. This expansion proc- 
ess is represented as /F on the temperature-entropy 
diagram. 

The steam is condensed in the condenser, 24, to com- 
plete the secondary process. This isothermal process is 
shown by FA on Fig. 1. 

The output of the cycle is equal to the combined out- 
puts to the primary turbine, 8, and the secondary turbine, 
21, less that required to drive the compressor, 14. 


Alternate 2 


The second alternative to the original ‘‘super-regener- 
ator’’ steam cycle is similar in many respects to Alternate 
1. The essential difference is that the working fluids of 
the primary and secondary cycles are isolated from each 
other in Alternate 1; whereas, they are combined in 
many of the processes of Alternate 2. Because of the 
arrangement of the first alternate it would be possible to 
use different working mediums in each cycle. In Alter- 
nate 2, however, a single working medium must be used. 

As in Alternate 1 the primary cycle is made up of a 
separately fired multi-stage superheater, a multi-stage 
steam turbine, a multi-stage steam compressor and two 
heat-exchangers. One of the heat-exchangers furnishes 
sensible and latent heat required by the secondary cycle. 
In the other heat-exchanger the steam of the primary 
cycle rejects heat at relatively low pressure to superheat 
higher pressure steam of the same cycle. 

A temperature-entropy diagram for this compound 
cycle is shown in Fig. 3. In the secondary cycle, VB 
approximates the conditions existing with multiple re- 
generative heating when the relative quantities of water 
and bled steam are taken into account. Sensible heat 
is added to the water until it reaches the saturation tem- 
perature shown as point C. Steam is gerierated from 
point C to point D. The heat rejected by the primary 
cycle, in compressing the steam from point G to point D 
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is sufficient to supply all the sensible and latent heat re- 
quired for the secondary cycle between points B and D. 

At point D the steam of the primary and secondary 
cycles is combined. Superheat is added between points 
D and E at approximately constant pressure from the 
heat available by a similar constant pressure cooling proc- 
ess between the points F and G. The steam is then 
alternately heated and expanded from points E to F. 
Following the last expansion the steam rejects heat be- 
tween points F and G, as previously described. 

Alternate compression and cooling processes occur 
between points G and // in successive stages of a com- 
pressor and heat-exchanger. At a selected intermediate 
point, the secondary steam is bled off and expands isen- 
tropically along the line ///. Heat is then rejected to 
the condenser by the isothermal process represented by 
JIN. 

A relatively small portion of the steam is bled at point 
I], the remainder of the steam continues to be com- 
pressed and cooled until it recombines with the secondary 
steam at point D. 

A diagrammatic arrangement of the equipment com- 
ponents is shown in Fig. 4. Combustion air enters at 6, 
is heated in the air preheater, 4, and then passes through 
the duct, 5, to the furnace, 1. The combustion products 
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Fig. 4—Diagrammatic arrangement of equipment for cycle 
shown in Fig. 3 
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give up heat to the multi-stage superheater, 2, and then 
to the air-preheater. 

After initial heating, the steam enters the first stage 
of the superheater through steam line 10. The constant 
pressure heating process accomplished in the first super- 
heater stage is represented by /P in Fig. 3. The steam 
is then expanded in the first stage of the primary turbine, 
identified as 8. Alternate reheating and expansion proc- 
esses follow until the steam is exhausted from the tur- 
bine through line 9. The condition of steam in line 9 is 
represented by point F on the temperature-entropy dia- 
gram. Heat is then given up by this relatively low pres- 
sure steam and added to the higher pressure steam in heat 
exchanger, 11. These respective processes are identified 
as FG and DE in Fig. 3. 

After leaving the heat-exchanger the steam enters the 
first stage of the compressor, 14, through line 12. The 
steam then rejects heat in the first stage of the intercooler 
which is identified as heat-exchanger 15. Subsequent 
compression anid cooling processes occur until the steam 
leaves the last cooling stage through pipe 13. The last 
cooling stage is represented in Fig. 3 by SD. A portion 
of the steam is bled to the secondary process through 
line 78. After expansion in the turbine, 19, the steam is 
condensed in the condenser, 20. As in Alternate 1, 
multiple regenerative feedwater heating is employed. 
By bleeding steam from the expansion process at appro- 


priate points between .V/ and J in Fig. 3, the feedwater 
temperature is raised to the condition represented by 


E 
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point B on the temperature-entropy diagram. Th: 
feedwater then passes to the secondary side of heat 
exchanger 15 through feed line 24. 

In the heat-exchanger, 15, sensible and latent heat 
are added to the secondary steam, represented by proc 
esses BC and CD on the temperature-entropy diagram 
The saturated steam leaves through line 16 and is mixed 
with the steam from line 13. The combined steam quan 
tity enters heat exchanger 1/1 where heat is added corr 
sponding to process DE in Fig. 3 

Since all the heat is added to this cycle in the sepa 
rately fired superheater, 2, the quantity of steam flowing 
through the turbine, 8, and the compressor, 14, with re 
spect to the quantity bled through steam line, 78, and 
returned through feed line, 24, must be determined from 
the particular operating pressures and the temperatures 
chosen. 

The actual thermal efficiencies of these compound 
cycles will depend, of course, upon the operating pressure 
and the temperature conditions selected, and upon the 
degree to which the equipment components can be made 
to approach the ideal processes described in this analysis. 
However, since heat may be taken into the primary 
cycle of each of these proposed cycles, at a relatively 
high temperature by processes approximating an iso- 
thermal process, and since heat is rejected by the second- 
ary cycle at the lowest practicable temperature, high 
thermal efficiencies may be expected of each compound 
cycle. 
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Internal Corrosion of Furnace Tubes of 
High-Pressure Boilers 


By RICHARD C. COREY* 


A discussion of the experiences with in- 
ternaltubecorrosion at Springdaleand Fire- 
stone, as related in two papers at the last 
A.S.M.E. Annual Meeting, which were re- 
viewed in the report of that meeting in 


COMBUSTION of December 1946. 


URING the second session on boiler feedwater 
studies at the 1946 Annual Meeting of the A.S.- 
M.E., Messrs. Hankison and Baker described an 
unusual type of internal corrosion of furnace wall-tubes 
of high-pressure No. 2 unit at the Springdale Station,' 
and Professor F. G. Straub described a very similar con- 
dition in a high-pressure boiler of the Akron, Ohio, plant 
of the Firestone Tire and Rubber Co.* In both cases 
the tube metal ruptured in a brittle manner, and the 
microstructure showed marked intercrystalline attack. 
Deep internal pits in the fire side of the tubes, which were 
filled with dense plugs of FesO, also characterized tube 
damage of both units. A summary of the known charac- 
teristics of this type of corrosion, and the corrective 
measures applied, is given in the following discussion. 
These two papers were the first to present detailed, 
informative case histories of a type of internal corrosion 
of high-pressure steam generators, which, although not 
considered to be prevalent, has caused concern where it 
has occurred. This may be appreciated from the appear- 
ance of the furnace wall-tube shown in Fig. 1, which is 
typical. Information presented by these authors on the 
operating conditions prior to tube damage, the appear- 
ance of the corroded tubes, the nature of the corrosion 
products, and the steps taken to prevent further attack, 
afford an invaluable basis for determining the cause, ef- 
fect, and prevention of tube failures. Certain factors 
about the Springdale and the Firestone units are contra- 
dictory so it is evident that the last word has not been 
said regarding the mechanism and the prevention of in- 
ternal corrosion of the type considered by these papers. 
It appears that the cause of internal corrosion of fur- 
nace wall-tubes falls into three distinct catagories: 


|. Where fluid circulation in the wall circuits is in- 
adequate. 

2. Where proper conditioning of the water is not 
maintained. 

3. Where tests show that neither circulation nor 
water conditions are considered to be inade- 


quate. 


~ 


Formerly a member of the Research and Development Staff of Combus 
t Engineering Company and now Supervising Engineer, Combustion Re 
seurch Section of the U. S. Bureau of Mines, Pittsburgh, Pa 

Corrosion and Embrittlement of Boiler Metal at 1350-Psi Operating 
Prossure,”’ by L. E. Hankison and M. D. Baker 

Wall-Tube Corrosion in Steam Generating Equipment Operating Around 

) Psi,"” by F. G. Straub. 
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It is with the last that we are primarily concerned, 
since the first two are amenable to correction. In the 
writer's experience with wall-tube failures, the main 
characteristics of those jobs where internal corrosion 
occurs despite adequate fluid circulation and water treat 
ment has been as follows: 

a) Periods of operation from five to ten years with 
infrequent or no wall-tube failures, and then, with no 
radical changes in operation or water treatment, sudden, 
frequent failures occurred as the result of nonductile 
cracks and ruptures of wall tubes. The writer is familiar 
with at least four cases in this class, one of which operated 
without trouble for eight years, and another for ten years, 
before a large number of failures began to occur. Yet, 
measurements of the fluid velocity and tube metal tem 





Fig. 1—South wall tube at Firestone in which rupture 
took place 3 to 4 ft above the floor of the furnace 


peratures in the furnace wall tubes, and careful study of 
the records of the boiler water concentrations over a 
period of several years, showed these factors to be within 
the limits that experience has shown to be satisfactory. 

(6) In several cases the failures occurred at isolated 
points in the water walls, with absolutely no evidence of 
damage in adjacent tubes or apparent relation of the 
failure to its height above the floor or proximity to 
burners. 

(c) Inall cases, the fire side (internal) has been deeply 
pitted, the pits being filled with brittle, dense plugs of 
Fe;0,—frequently showing the laminations described 
by Messrs. Hankison and Baker. In the Firestone unit, 
large pieces of this scale were found in the bottom head- 
ers during outages, apparently having become detached 
from the pits by temperature changes or alternating 
mechanical stresses incident to operation. It is signifi- 
cant that the first occurrence of these pieces preceded 
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the more serious failures by a few years, suggesting that 
corrosion probably had been progressing slowly for some 
time, and the sustained loads on the boiler, incurred by 
wartime activities, accelerated the attack to a point 
where numerous failures occurred within a short period 
ot time. 

The operating histories of the Springdale and the 
Firestone boilers are strikingly similar in some respects, 
as may be seen in Table 1. 

The two significant differences between the factors 
given in Table 1 are the lower pH of the boiler water of 
the Firestone unit, and the fact that acid-cleaning pre- 
ceded the failures at Springdale, while there have been no 
failures, or evidence of incipient attack of wall tubes in 
the Firestone unit since it was acid-cleaned. 


TABLE 1—COMPARISON OF SOME OPERATING AND CORROSION 
CHARACTERISTICS 


Springdale Firestone 
l Boiler pressure, psig 1350 1400 
2. Boiler rating, M lb per hr 470 300 
3. Slag tap, type Continuous Intermittent 
1. Feedwater makeup, type Evaporated Evaporated 
5. Unit first placed in oper 1938 1935 
ation, yr 
6. Operating period before 
tube damage became 
serious, yr 7 10 
7. Water conditions prior to 
failures: 
a. History of dissolved 
oxygen in feed- 
water Yes Yes 
b. Oxygen scavenger None Akon, sulfite 
c. pH of boiler water 11.1 Yr Avg. Min. Max 
1941 10.5 9.0 10.8 
1942 10.5 9.0 10.8 
1943 10.3 9.0 10.5 
d. Phosphate salts 1944 9.7 8.1 10.9 
used: Na 1938-1942 1935-1944 
. 1942-1946 1944-1945 
8. Location of attack Chiefly fire side of Fire side of furnace wall 
furnace wall tubes at elevations 2 to 
tubes, but also 17 ft above the floor. 


in generating, 
screen, and roof 
tubes 
9. Type of damage Bulges and non- Same as Springdale 
ductile cracks 
Internal sur 
faces pitted 
10 Type of corrosion prod Black, dense, brit Same as Springdale 
uct in pits and cracked tle, laminated 
or ruptured areas plugs of Fes:Ox, 
Usually contain 
appreciable 
copper. Loose 
plugs frequently 
found in head- 


ers. 
11. Acid-cleaning of boiler Done before fail- Not done until failures 
ures occurred. ~ occurred 
12. After outage and drain Untreated, partly de 
ing, boiler was refilled aerated condensate 
with 
13 Period of operation with- 
out further tube dam 
age, since corrective 
steps were taken 18 months 20 months 


In Table 2 the corrective measures mentioned by the 


authors are recapitulated for the purpose of easy com- 
parison. 


TABLE 2—CORRECTIVE MEASURES TO PREVENT ATTACK 


Springdale Firestone 


Reduced dissolved oxygen in feed- Reduced dissolved oxygen in feed- 


water to 0.02 ppm or less water to less than 0.02 ppm 
Sulfite maintained at 3-10 ppm excess Maintained boiler water pH between 
in boiler water 10.5 and 11.0 
Reduced ammonia content of feed- Refilled boiler after each drainage 
water with deaerated condensate adjusted 
‘ to pH = 10.5, with NaOH 
Maintained PO, under 10 ppm, with 
B-reading less than 3.0 ml. N/30 
HCl 


Although the history of the Firestone unit appeared 
to preclude water-wall circulation as a factor, since it 
had operated for several years without appreciable trou 
ble with wall tubes, it was decided to determine the 
fluid velocities in selected wall tubes and to install ther- 
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mocouples on the furnace side of the same tubes, at tw: 
elevations, in order to measure the metal temperatur¢ 

and determine if they were excessive under norma! 
operating conditions. Accordingly, double-impact pito! 
tubes, described elsewhere,* were installed in the low: 

end of tubes Nos. 26 and 44 in the south side wall, an: 
42 and 6S in the front wall. The differentials were meas 

ured with Merriam high-pressure manometers, using 
Vizzene ‘‘A”’ as the indicating fluid. All measurements 
were corrected for density differences in the pressure legs 
connecting the manometers to the pitot tubes. Chrome! 
alumel couples, installed as described by Humphreys, 
were placed on the same tubes at elevations of 3 ft and 
13 ft above the slag floor. 

With the exception of short periods when test person 
nel were temporarily assigned to other duties, velocity 
and temperature readings were taken twice daily with a 
portable potentiometer for a period of about seven 
months. A recording potentiometer connected to six of 
the couples provided a continuous record of tube tem 
peratures and showed the effect of operating variables. 
Fig. 2 is a plot of temperature and velocity data obtained 
during June 1945 and Fig. 3 is a record of the water 
analyses for a period of two months. These data are 
typical of the entire time that records were obtained. 

It will be noted that none of the temperatures was 
excessive, the maximum being 100 deg F above the 
saturation temperature, and the average being about 
40 deg F. Also, the metal temperatures at 3 and 13 it 
above the floor were not appreciably different. 

The fluid velocities, also given in Fig. 2, were consid- 
ered to be adequate for a unit of its type, and over a period 
of two months the average velocities were approximately 
as follows: 


Tube No. Velocity, fps 
42W 1.1 
68W 1.2 
26S 1.4 
44S 1.1 


Since March 1945, at which time the unit was acid- 
washed and placed in operation upon Straub’s recom- 
mendations, four inspections of the furnace wall tubes 
have been made. This was done by removing the hand- 
hole plates from the upper and lower headers, lowering 
a light in each tube through the upper header, and sight- 
ing upward into the tubes through the lower ends with 
a focusing telescope. Long experience with this method 
made it possible immediately to discover unusual patches 
of material on the tube walls. Whenever there was any 
question about a spot, the tube was turbined and re- 
examined, and if the spot persisted, the tube was removed 
for closer examination. 

The last inspection was made in November 1946, after 
20 months of nearly continuous operation at full load, 
and the tubes appeared to be in excellent condition. 
In order to be thoroughly assured that the telescopic 
examination was reliable, and to see if any small or incipi- 
ent pits had formed during this period, five tubes, which 
had been in service since March 1945, were removed for 


‘Measurement of Boiler Circulation by Means of Pitot Tubes," by T. Ka 
vese, COMBUSTION, October 1944 
‘Thermocouples for Furnace-Tube Surface Temperature Measurement 
by C. G. R. Humphreys, Comsustion, December 1944. 
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Fig. 4—Internal face of 
fire side of tube in service 
67 days, showing deep 
pitting 
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Fig. 2—Furnace tube temperatures and fluid velocity data from 
Firestone boiler 
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Fig. 3—Record of water analysis at Firestone covering two months 
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careful examination of the internal surfaces. The tubes 
selected were from areas where corrosion had been most 
severe. Four of these tubes were in perfect condition. 
The other was badly pitted, but in such a manner as to 
indicate beyond doubt that it had been corroded before 
it was installed, probably as the result of unfavorable 
storage conditions. 

Therefore, when it is considered that prior to March 
1945 new tubes had failed in as short a time as 67 days, 
it must be concluded that the corrective measures have 
been effective. Which single, or combination of these 
factors was effective cannot be determined, since all the 
changes were made simultaneously. One might infer that 
acid-washing, regardless of changes in the schedule of 
water treatment, was responsible for the improved condi- 
tions. But Hankison and Baker report that the failures 
at Springdale were preceded by frequent acid washes. 
It might be argued that the lower pH values, which at 
times were as low as 8.0, were responsible. But attack 
at Springdale occurred at above 11.0. This question of 
optimum pH for boiler and feedwater for low makeup, 
high-pressure boilers has not yet been established; pos- 
sibly the optimum pH is a unique value for a given type 
of boiler. The writer has come to the conclusion that 
there is need for fundamental research work on the reac- 
tions of iron with pure water at elevated temperatures, in 
order to establish the minimum pH of feedwater that is 
required to effect adequate protection of steel surfaces 
under conditions of temperature, velocity, and concen- 
tration that are unique to boiler operation. 


Explanation of Deep Pit 

The tube shown in Fig. 4, which was in service at Fire- 
stone for only 67 days, prior to the time that corrective 
measures were taken, is of interest. The pit, so plainly 
seen, was °/s in. in diameter, '/; in. deep, and filled with a 
dense plug of Fe;0,. The microstructure very definitely 
showed evidence of intergranular attack that is associated 
with hydrogen diffusion in the grain boundaries at ele- 
vated temperatures. It was located in the furnace side 
of the tube, at an elevation of 91/2 in. above the swaged 
end, which places it about one inch below the top of the 
chrome ore floor; hence, at a point where the tube re- 
ceived no heat directly from the furnace. The average 
boiler water conditions during the time the tube was in 
service were as follows: pH = 9.5, B-reading = 0.3, 
PO, = 5.0 ppm, T.D.S. = 250 ppm, SO3 = small excess. 
Surely this analysis would be considered adequate, yet 
rapid attack appeared to be indicated. The writer 
believes, although there is no definite proof, that at the 
time the tube was installed it had a small corrosion pit 
that formed during storage, and during operation the in- 
terior of the pit became progressively anodic and rapid 
attack ensued. 

It is the writer’s personal opinion that, for the most 
part, the tube damage at Springdale and Firestone was 
initiated by small spots of rust which formed in the tubes 
during times when high concentrations of oxygen were in 
contact with the metal, such as after drainage or after re- 
filling with poorly deaerated and untreated feedwater. 
In the case of Springdale, where the unit was acid-washed 
frequently, the exposure of wet, freshly cleaned surfaces 
to the air after drainage afforded ideal conditions for in- 
cipient attack of the metal. Under ordinary operating 
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conditions these spots would result in gradual formation 
of a pit, which might take several years to become serious, 
but under the high, sustained loads that such plants 
carried during the war, the corrosion processes within the 
pits were accelerated and damage quickly ensued. It 
seems to be more than mere coincidence that the num- 
ber of tube failures was greatest during the last two 
years of the war at Firestone and Springdale, as well as at 
another, lower-pressure unit known to the writer. 

When considering the action of boiler water on steel 
at high temperatures, sight should not be lost of the 
purely physical factors that operate between the metal 
and moving liquids and steam bubbles and the mecha- 
nism of bubble formation at high temperatures and pres- 
sures. Complementing the corrosion research, an inten- 
sive study should be made of the principal factors af- 
fecting boiling and foaming during steam generation. 


Other Investigations 


In 1941 Mumford, Markson, and associates,’ studying 
heat transmission in boilers at 3000 psi, reported a param- 
eter, ¢, the ratio of the local rate of heat absorption 
to the mass flow and latent heat of the fluid, which 
determined the heat input required to overburden a tube 
with a given circulation rate. It was recognized by the 
authors that this parameter gave only a partial picture 
of the events occurring at the interface between the metal 
and the heat absorbing fluid. For example, practically 
nothing is known of the effect on heat transfer of such 
variables as the quality of the steam-water mixture, 
pressure, density, viscosity, surface tension, slip velocity, 
and the tube diameter, length, and thickness. 

P. B. Place raised some cogent questions,® concerning 
the rdle of foam in steam generation, and suggested that 
we need to know more about the effect of foam on steam 
generating surfaces in preventing mixing of local films 
with the overall boiler water. Theoretically and experi- 
mentally it has been shown that pure distilled water does 
not foam and the tendency to do so increases with the 
concentration of the solute. 

Larson,’ in studies of the phenomena of liquid super- 
heat and of nucleate and film boiling as a function of 
heat transfer, obtained interesting and thought-provok- 
ing results. For example, on a mild-steel ball as an 
ebullator he obtained 5 to 9 deg F superheat when the 
balls were previously phosphate-washed, 9 to 24 deg F 
when the pH of the liquid was adjusted to pH = 10 
with NaOH, and 14 to 31 deg F when the water was 
saturated with CaCO; (pH 8.5). He concluded that 
substances known to be chemically inert or resistant to 
corrosion are not good ebullators and, therefore, support 
higher superheat. Further, his experiments suggest 
that the ability of a surface to initiate boiling in a super- 
heated liquid depends primarily upon the adhesion free 
energy rather than physical roughness or porosity of the 
ebullators. 

As problems, such as the one here discussed, continu- 
ally arise, it becomes more and more apparent that 
fundamental chemical and physical research on problems 
related to steam generation has lagged. 


5 “Studies of Heat Transmission Through Boiler Tubing at Pressures from 
vol. 65, August 1943, pp. 553-591. . 
6 Proceedings of the Sixth Annual Water Conference, Pittsburgh, Pa., p. 45. 
7 ‘Factors Affecting Boiling in a Liquid,’’ R. F. Larson, Ind. & Eng. Chem., 
vol. 37, 1945, p. 1004. 
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Factors Rarely Considered in Smoke 


Abatement 


By HENRY F. HEBLEY 


Director of Research, Pittsburgh Coal Company 


UST prior to World War II, there was 
ever-increasing growth in the social 
conscience of many communities which 
manifested itself in the demand for slum 
clearance, reduction of congested areas 
and smoke abatement. Then the war re- 
quired an “‘all out” effort and the agita 
tion for a reduction in the atmospheric 
pollution in centers of population were in 
abeyance during the emergency. With the 
cessation of hostilities, there has been a 
return to the consideration of the amenities 
of urban communities. This is evidenced 
by the great activity present in dozens of 
cities large and small in the demand for 
smoke abatement 
For the most part, those pressing for a 
cleaner atmosphere are intensely sincere 
in their efforts and firmly convinced that 
their particular solution of the problem is 
the only correct one and the only one to be 
adopted. This solution generally follows a 
familiar pattern: 


1. Stress the need for smoke abatement 
legislation as a health measure 

2. Adopt the Ringelmann Chart as the 
standard for measuring the den- 
sity of smoke emitted from a 
chimney over a stated period of 
time, in order to determine a vio 
lation. 

3. Adopt a specification involving the 
weight of fly ash per cubic foot of 
flue gas and qualifying the parti- 
cle size and the COz content of the 
flue gas. 

4. Adopt a so-called ‘‘volatile clause’ 
that limits hand-fired boilers and 
heating equipment, both commer 
cial and domestic, to the use of 
solid fuel that does not contain 
more than 23 per cent volatile 
matter on the dry basis. Such 
solid fuel is nominally classed in 
the coal trade as “‘smokeless.”’ 

5. Adopt a clause that makes it unlaw 
ful to import, sell, offer for sale, 
exchange, deliver or transport for 
use and consumption within the 
city limits or to use or consume 
within the city limits any solid 
fuel for hand-fired equipment that 
does not meet the definition of 

smokeless solid fuel.”’ 

6. Adopt a clause requiring all truckers 
delivering solid fuel within the city 
limits to apply for a license and 
post a bond to insure the delivery 
of ‘‘smokeless solid fuel’’ to con- 
sumers using hand-fired equipment. 

7. Provide a penalty that would forfeit 
the bond and cancel the license of 
any trucker who violates the pro- 
visions of No. 6 regarding the de- 
livery of ‘‘smokeless solid fuel.’’ 
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Brief mention of this paper, 
presented at the 1946 A.S.M.E. 
Annual Meeting, was contained 
in COMBUSTION’s report of 
that meeting in the December 
issue. Since then, agitation for 
smoke abatement and curtail- 
ment of atmospheric pollution 
has sprung up in several eastern 
cities, including New York and 
Syracuse. It is important that 
many of the factors mentioned 
by Mr. Hebley be investigated 
locally before adopting preven- 
tative measures, for which rea- 
son the paper is being repro- 
duced nearly in full._-EDITOR 











Many other clauses are adopted per 
taining to imspections—approval of new 
installations, permits, fees, etc., but for 
the purpose of this text, they will not be 
considered. The seven points enumerated 
form the salient factors. 

The strategy adopted in pressing for 
enactment of smoke abatement laws is to 
urge it as a health measure. It is felt that 
the law will then have a better chance of 
withstanding attacks on its constitution 
ality. 

In all public hearings regarding this 
problem, the evidence also follows a simi- 
lar pattern: 


1. Medical testimony is offered indicat 
ing the prevalence of diseases of a 
respiratory nature in urban popu 
lations where smoke in the atmos- 
phere is considered excessive. The 
common cold, pneumonia and 
sinus infections are noted and the 
strength of the correlation between 
dust fall and deaths from pneu- 
monia, tuberculosis, etc., is ex- 
pressed by presenting correlative 
coefficients. Less emphatic state- 
ments are presented to the effect 
that lack of sunshine (ultra-violet 
rays) contributes to a _ general 
lowering of the populace’s health, 
and is in part responsible for the 
depressed feeling experienced on 
murky days—even to the extent of 
suicides. 

2. The influence of the smoke problem 
on the cost of living is presented 
in testimony on the cost of clean- 
ing, painting and decorating, 
laundering, the maintenance of 
buildings, etc. 

3. The impairment to flora in urban 
centers, brought about by smoke- 
laden atmosphere. 


The whole matter becomes highly con- 
troversial and the original aim, namely, to 
reduce the amount of atmospheric pollu- 
tion in urban areas, becomes lost. Such a 
result is unfortunate as no matter which 
group is successful, it is of little help if the 
solution advocated fails. 


Dust or Soot Deposits 


One of the usual methods of attack on 
the problem of smoke is to set up sampling 
stations for the collection of deposits settl- 
ing out of the atmosphere. 

The weight of the depositions is gen- 
erally computed on a monthly basis and 
from these results the deposition is pro 
jected to tons per square mile. Sometimes 
samples of the collected material are 
analyzed. Such analytical work varies 
from comparatively routine to a rather 
elaborate procedure including: 


Insoluble matter: 
Tar 
Carbonaceous other than tar 
Ash 
Soluble matter: 
Loss on ignition 
Ash 
Included in soluble matter: 
Sulphates (SO) 
Chlorine (Cl) 
Ammonia (NH:;) 


These results of the monthly deposits in 
tons per square mile are often used in cor- 
relation with respiratory diseases to indi 
cate the strength of the influence of de 
posits on health. Unfortunately, little or 
no planning of the investigation is adopted 
and the variables existing make the reli- 
ability of the results open to question. 
For instance, in the heart of a city with 
“sky scrapers” standing next to four- or 
five-story structures or to parking lots, the 
elevation of the deposit gage is a factor. 
Placing the receptacle at street level may 
be influenced by purely local conditions 
and the observations may be vitiated by 
vandalism. The shelter that may be af- 
forded a gage by the proximity of a build- 
ing has been known to make the observa- 
tions worthless. If the deposit gage is 
located in a park or open space, the in- 
fluence of the filtering effect of trees, 
shrubs, etc., is related to the position of 
the gage in relation to the borders of the 
park. 

As pointed out in the scientific survey 
of the atmospheric pollution in the city of 
Leicester by the Department of Scientific 
and Industrial Research (1) some of the 
differences encountered between the deter- 
minations of a certain deposit gage in two 
consecutive months are brought about by: 
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Wind direction 

Atmospheric turbulence—both dynamic 
and thermal 

Humidity 

Rainfall 

Seasonal variations 

Irregular variations 

Other miscellaneous factors 


Thus it leaves the investigator with so 
many factors obscured that the problem of 
analyzing and interpreting the data col- 
lected becomes extremely difficult. 

Many of the data dealing with dust and 
soot fall that have been presented at public 
hearings have been invested with an ac- 
curacy and reliability which, when ana- 
lyzed, is quite misleading. To associate 
them statistically with the number of 
deaths from pneumonia or tuberculosis 
and report the relation to the extent of 
correlation coefficients is unwarranted. 
The use of “correlation coefficients’’ 
should be practiced with judgment. 

There is also a tendency to draw con- 
clusions based on samples that are entirely 
inadequate and covering periods of time 
that are far too short. The Department of 
Scientific and Industrial Research, in 
their investigation of Atmospheric Pollu- 
tion, use the average of monthly observa- 
tions of at least five consecutive years for a 
basis of comparison in which confidence 
can be placed. The monthly deposits re- 
corded for any single year when compared 
to the five years may show great devia- 
tion, probably brought about by the vari- 
ables previously mentioned. A glance at 
these will indicate that weather influences 
predominate. 

It is desirable, therefore, that the mod- 
ern climatologist, skilled in the new tech- 
niques developed during the last five years, 
become closely associated with the plan- 
ning and execution of any investigation 
involving the variable influence of the 
weather, and its effect on air pollution. 
So far as can be ascertained, the skill of 
these technologists have not been called 
upon. 

In further consideration of the analysis 
of the deposit observations, there are two 
other factors that will bear some thought, 
namely: 


1. The area of influence, contributing 
to the matter deposited in the 
collection gages. 

2. The area assigned to a deposit gage, 
whose weight of collected material 
will be projected in tons per square 
mile of that area. 


The first item requires consideration of 
the source of the material deposited in the 
gage. So far these points of origin have 
not been definitely placed and there is even 
great uncertainty regarding the location. 
Studies have indicated that when the ma- 
terial deposited is divided into insoluble 
and soluble matter, there seems to be some 
relationship between the amount of rain- 
fall and the amount of soluble matter de- 
posited (1). 

Such a relationship suggests the possi- 
bility of clouds carrying considerable solu- 
ble matter, and also of the raindrops wash- 
ing some of the impurities out of the atmos- 
phere as they fall. 

The direction of the wind and its veloc- 
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ity may contribute to the deposit gages 
material from distant areas. Brotzman (2) 
has stated that given a wind velocity of 
ten miles per hour, air pollution originating 
at Youngstown, Ohio, at say midnight, 
can be over the Pittsburgh area the next 
morning while that city’s pollution will be 
carried to some other section. The well- 
known experience will be recalled that 
during the periods of the dust storms in 
the Western prairie states, air borne dust 
was deposited along the eastern seaboard. 
As a matter of fact, the climatologist de- 
pends on the analysis of this air-borne 
dust to type it for origin. 

The second item is also an important 
matter. The deposit gage has a collecting 
funnel 12 in. in diameter or 0.78 sq ft. It 
is on this area that the tons per square 
mile are predicated. If the determination 
of one gage is projected to this area, the 
ratio is 1:35,000,000. Such a small sample 
requires that the greatest skill be exercised 
in the selection of the gage location, striv- 
ing to place it in an area that is quite 
uniform and free from a concentrated local 
pollution. 

It is quite possible that greater accuracy 
could be attained through the use of a 
number of smaller receptacles placed uni- 
formly over the area, averaging the de- 
posits collected and analyzing a composite 
sample. 

Every effort must be made to avoid too 
elaborate procedure calling for a great 
volume of analytical work. Such a method 
generally involves great expense and ef- 
fort and the work is abandoned before a 
long enough period has elapsed to yield to 
confidence in the results. 

In addition to the material collected 
in the deposit gages, there is the great 
amount of pollution that is held in sus- 
pension in the atmosphere. It is com- 
posed of a number of materials—particles 
of carbon, plant spores, dust, fumes, mist, 
fog and the gases of combustion including 
smoke. 


The Ringelmann Chart 


In the United States practically the 
only measure that is adopted for measuring 
such suspended impurities is the Ringel- 
mann Chart. It can only be applied to 
flagrant cases of air pollution as it depends 
on a visual estimate of the color of the 
products of combustion being emitted 
from the chimney under observation. It 
is a convenient measure for the personnel 
of the Smoke Abatement Department of 
any city to use; but the data yielded by 
the observations are inadequate if the aim 
of any municipality is to gain a measure of 
its atmospheric pollution in order to reduce 
it. Marks (3) has already drawn attention 
to its weak points, although for some 
reason not known, this criticism has not 
received its proper consideration. So far 
as can be ascertained, the selection of 
smoke inspectors does not require any close 
examination of their eyesight. The task of 
inspecting a chimney is essentially one of 
matching the shade of the smoke emitted, 
with a set of standard charts. 

The late Dr. J. S. Owens (4), in calibrat- 
ing his scale of shades for the automatic 
filter recognized the limit of sensitivity of 
the eyes and made a study of the error 
involved. He states: “As the error in 





reading shades is a fraction of the bright- 
ness, and this depends on the proportion of 
white in the shade, its reflection factor, 
and illumination—the effect of the two 
latter (must be) considered.” 

Individuals familiar with the use of the 
chart are aware that the percentage of the 
white area varies inversely with the Chart 
number: 


RINGELMANN CHART 


Chart No. % White % Black 
0 100 0 
1 80 20 
2 60 40 
3 40 60 
4 20 80 
5 0 100 


With this qualitative measure one even 
encounters inspectors who discuss the 
shade reading to the nearest tenth. Such 
factors as wind velocity, diameter of stack, 
position of observer, background, and 
illumination have a noticeable influence on 
the shade reading. 

The chart has another great limitation. 
It can only be employed during the hours 
of daylight. If atmospheric pollution in 
suspension is going to be analyzed in a 
rational manner, a quantitative measure 
of that pollution should be adopted. The 
impurities may be expressed in milligrams 
per cubic meter, under standard conditions 
or some other convenient basis. In addi- 
tion, the sample should be drawn through- 
out the 24 hr of the day. 

It has been found, based on a recent 
survey of the city of Leicester (1), that all 
of the sampling points measuring sus- 
pended matter have shown on one day, 
five or six times as much impurities as on 
the following day. A possible explanation 
for this great variation is the degree of 
turbulence experienced in the atmosphere 
from day today. Because of these factors, 
the conclusions regarding the reduction of 
air pollution due to the steel strike did not 
show any strong significance in the statis- 
tical sense. 

Another comparison for the same period 
was made, based on the visibility observa- 
tions of the Pittsburgh Station of the U. S. 
Weather Bureau. The visibility readings 
for the period of January 28 to February 
17 were studied for each of 16 consecutive 
years. 

There was a slightly improved visibility 
record for the 1946 period; but when the 
other influencing factors are considered, 
the improvement was not strongly signi- 
ficant. 

In 1918, the late Dr. J. S. Owens de- 
veloped an automatic filter designed to 
draw regular samples of air from the at- 
mosphere at the rate of approximately two 
liters per hour. The air is passed through 
filter paper leaving a stain one inch in diam- 
eter. Calibration of the stain with unit 
weight per unit volume was carried out 
with great care and precision, giving a 
measure that could be reported in milli- 
grams per 100 cubic meters. For a des- 
cription of the method of calibration of the 
automatic filter, one may refer to the work 
of J. G. Clarke, ‘“‘Atmospheric Pollution 
Annual Report No. 3,’’ 1916-1917. 

A further development of the measure 
of suspended impurities in the atmosphere 
is the smoke filter in which an air pump 
draws a sample of air throughout the day 
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and passes it through a filter and subse- | 
quently to an absorbtion bottle for volu- 


a 
* 
metric SO. determination and a dry-gas 
meter for air volume determination. 
A calibrated photo cell equated to direct ‘ 
weighings of samples of impurities filtered 
the 


from the atmosphere is used in conjunc- 
tion with a galvanometer to measure the 
light passing through the stained filter. 
The results are reported in milligrams per 
cubic meter. Wi T ba 
Little work has been done in the United ing ur ine 
States following this method of investiga- 
tion. The procedure, however, introduces a . 
a new aspect to the problem. That is, the Revolving Unit Heater 
concept of air volume in atmospheric 
pollution. Impurities in suspension are 





























related to the cubic measure of the atmos- eon 
phere. 

Until comparatively recently, most — WwenGrOn fave 
weather forecasting was carried on from 
the ground and little investigation was f 
made of conditions aloft. The growth of WING ALLSTEEL 
air travel especially during the war made t pert 
the study of atmospheric conditions, in- Bam hin = 
cluding the third dimension, imperative. 
A similar approach is essential in the in- =o acum 
vestigation of atmospheric pollution. In be woonayened 
recognizing this influence as associated To Renen 
with the volume of air enveloping and z WING REVOLVING 
spread above a center of population, there : : id serene 





are a number of factors to be given con- 
sideration. 

Wind velocity is important. According 
to H. Landsberg (6) cities of large dimen- 
sions tend to reduce wind velocities com- 
pared to the rural areas that surround 
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them. The ability of wind to carry air 4 \ 

pollution for many miles is well known and ADVANTAGES: 

it is that action that has encouraged man 

to discharge his products of combustion e No electric motor e No back pressure e No pressurestat needed. 
to the atmosphere, hoping that wind e Source of heat is e No packing Fan stops when steam 
movement will scavenge the impurities also source of power e No traps pressure stops 

and send them elsewhere. 

Apart from wind transport, there is the This new product is the logical result of Steam Turbine which operates at any 
very important influence of turbulence constant improvements in two special- pene, the steam which propels the 
Eddy currents varying from, say, a few ized lines of equipment pioneered by an is exhausted into the heater section 
feet to miles in diameter and experiencing L. J. Wing Mfg. Co. ; ; and used to heat the air—thus elimi- 
it : : ; The first Wing turbine was built as an nating motor and electric power. 
vertical movements as well as those of , . - 

aioe ears ey“ in ct integral part of the Wing forced draft There is no back pressure on the 
translation, are dominant factors in chang- blower 40 years ago. The first light- turbine, eliminating the need of power- 
ing the concentration of impurities in the weight-suspended downward-discharge absorbing, troublesome packing. No 
atmosphere. The turbulence may be unit heater was introduced by Wing 25 steam traps are used. 
dynamic in nature, caused by the energy years ago. The patented revolving dis- The Revolving Discharge Outlets dis- 
contained in the air masses. In addition charge outlet was introduced in 1935. tribute the heat continuously in con- 
there is the vastly important thermal tur- The Wing — — Revolving stantly changing directions, over, around 
bulence that is experienced. This in- Unit Heater, now offered, combines all and under obstructions, into out-of-the- 

; oth : ’ three. way corners. 
fluence on the impurities in the atmos- 


: pe Powered by the new Wing Allsteel 
phere cannot be over-estimated. The 


itmosphere of a city is never completely Write for Bulletin e 
it rest throughout any 24-hr day; and the 


\ 1 
variation in the turbulence will bring L.J. Wing Mfp.Co. 54 Seventh Avenue, New Yor 1, N. Y. 


ibout rapid changes in the quantity of air 
pollution, as the eddies cause an exchange Factories: Newark, N. J. and Montreal, Canada 


of polluted air from below with the clean 


iir above. How frequently has it been 
observed that on one day the air is pol- 
luted and on the following one it is clean. 
Yet there has been no great change in the 
fuel used in the area. The action of tur- 


bulence in relation to urban air pollution 
is not properly understood at present and 
i. great deal more investigation is re- 








juired. 
Temperature Inversion : « \2 
TURBINE BLOWERS MOTOR DRIVEN BLOWERS REVOLVING UNIT HEATERS UTIUTY UNIT HEATERS 
The association of strong winds with : 
ow barometric pressure is well known, It 
s also a fact that the frequency of passage 
f such lows are greater in winter than in | grea resmes 900 Gaeusees ween ene oun aan on wine 
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BOTHERED BY COAL DUST? 
Bottle it up with 


S.E.Co. Coal Valves 


: Try this convincing 
For startling evidence of the amount of ccal 


“ ”“” 
dust created by coal—take any glass bottle, Bottle Test. 
fill it a third full of coal when it’s dry, cork 
the bottle tightly and shake it. The dust that 
will immediately cloud the bottle is only a 
slight indication of what happens when coal 
passes through your coal feeding system... 
and, unless tight “Bunker-to-Pulverizer’’ or 
“Bunker-to-Stoker’’ equipment is used, quafi- 
tities of that dust will spread throughout 
your plant. 


This dust nuisance and resultant bad effects 
can be avoided by using S. E. Co. dust-tight 
Coal Valves! These valves were designed 
with an eye to keeping dust where it be- 
longs—inside the valve! This is achieved 
by means of a unique “sealed” construction, 
that literally bottles up the dust. 


Full details on S. E. Co. dust-tight Coal . Partly fill any small bottle 
Valves—descriptive data, engineering draw- with dry coal. 

ings, etc.—will be sent on request. Address . Cork the bottle tightly and 
STOCK ENGINEERING COMPANY: shake it. 

713 Hanna Bldg., Cleveland 15, Ohio. Brother, the dust you see 
in that bottle i only a 
fraction of that produced 





by open coal feeding 
me‘hods. 





CONICAL 


Non-Segregating 
Coal Distributors 


S.E.CO. 


Coal Valves and Coal Scales 








summer, so that the average wind velocity 
is higher in winter than in summer. Yet 
the air pollution is generally greater in 
winter. This is due to the effect of another 
factor, namely, the stability of the air 
Air is stable when the colder air underlies 
the warmer air. This is inversion. 

If the third dimensional study of the 
atmosphere in relation to air pollution is 
continued, the influence of the phe- 
nomenon ‘of inversion of the temperature 
gradient of the atmosphere will be found 
to be of importance. Under normal con 
ditions, the temperature of the atmos 
phere is lowered with increasing altitude 
at the approximate rate of 1 deg F for 
each 300 ft of elevation. When this rela 
tionship is in effect, warm air adjacent to 
the ground will obey the tendency to rise 
to be replaced by cold air, thus setting up 
convection currents and turbulence. Ther« 
are times, however, and they occur more 
frequently than realized, when the normal 
temperature gradient becomes inverted 
In other words, there is a stratum of air at 
a certain elevation which has a distinctly 
higher temperature than the layers of ait 
below it. This is the condition of stability 
previously noted. Such a stratum effec- 
tively acts as a ceiling or lid to imprison 
the impurities released by any center of 
population. 

Under such stable anticyclonic air con 
ditions with but very slight turbulence, 
inversions have been known to last for 
days, sometimes with disastrous results 
Probably the best known example of re- 
cent years was the tragic event experienced 
in the Meuse Vailey in December 1930. 
Stable air at high barometric pressure and 
practically no turbulence was present for a 
number of days. The city of Liege (Bel 
gium) dominated by heavy industry is 
situated on the river Meuse. The narrow 
valley of the river adjacent to the city 
became filled with the gases of combustion 
released from the factories of Liege be- 
cause of a temperature inversion en- 
countered at the low level of 270 ft above 
the bottom of the valley. The condition 
persisted for four days, during which time 
there were hundreds of cases of respiratory 
attacks with 63 deaths occurring on 
December 4 and 5. Numerous cattle had 
to be slaughtered. The inversion condi- 
tions disappeared December 6, and the 
respiratory attacks abated. Subsequent 
investigation indicated that the primary 
cause was the presence of sulphuric acid 
formed from SOs: released in the products 
of combustion (7). 

Inversions may be conveniently classed 
as low and high. The example cited 
would be classed as low, and the gases of 
combustion released from chimneys are 
kept down close to the ground causing 
murky conditions at building levels and 
in the street. 

If the stratum of warm air is at a high 
level, then the impurities associated with 
the gases of combustion are lifted well 
above the tops of the buildings, but will 
accumulate as a heavy black layer that 
effectively prevents daylight from pene- 
trating and causing darkness in the city 
forcing the use of light in homes and 
offices and headlights on automobiles and 
street cars. Such an inversion was ex- 
perienced in Pittsburgh at 4:00 p.m., 
November 11, 1946, 
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If inversion conditions continued for a 
ustained period of time, the amount of 
olid impurities being emitted by the 
chimneys of a city would ultimately reach 
, state of equilibrium with the amount of 
leposition equaling the solids discharged 
However, the atmosphere would become 
intolerable, not because of the visible 
particles (smoke) but because of the in 
finitely greater amounts of noxious gases 
of combustion that carry those particles; 
namely, the sulphur dioxide (SO.) and 
carbon dioxide (COs). 

These gaseous products of combustion, 
invisible though they are, form the basis 
of the air pollution associated with indus 
trial centers They cannot be over-rated, 
is on the average there are at least 50 
times more of these gaseous particles of 
combustion in the atmosphere than there 
are solid (smoke and dust) particles. 


Fly Ash 


With the development of the art of 
burning pulverized fuel in suspension, the 
problem of particles of ash being dis 
charged from the stack into the atmosphere 
has become increasingly serious. Due to 
the method of firing, combustion is 
practically complete with the result that 
the fly ash particles are composed of inert 
matter—silica, alumina, etc. The particles 
vary in size from those that fall to the 
ground quite rapidly, to those that are 
borne for miles on the wind and air cur- 
rents that pass by the chimney. 

Efficient mechanical and electrostatic 
dust collection equipment is available to 
meet the requirements of any of the exist- 
ing clauses limiting fly ash emission. The 
clauses, ° however, generally adopt the 
A.S.M.E. Tentative Method of Testing 
Dust Collection Apparatus as part of the 
ordinance, by reference, with little or no 
knowledge of the requirements contained 
in those test methods and no knowledge of 
the practical difficulties involved, nor of 
the problem of obtaining a representative 
sample, nor the cost of such a test. In one 
proposed ordinance recently prepared, it 
contained a clause applying the A.S.M.E 
Methods of Test to locomotives in opera- 
tion. Fortunately, wiser and more ex- 
perienced, counsel prevailed and the sec- 
tion was deleted. The particles of ash and 
carbon that are emitted and held in sus- 
pension in the air represent approximately 
2 per cent of the total amount of material 
held in polluted air. According to modern 
climatological research, dust and smoke 
particles are classified as inactive. In 
other words, they ordinarily do not inter 
act with the water vapor in the air and 
take little or no part in the condensation 
processes in the atmosphere that led to 
haze and fog. 


Condensation Nuclei 


Two kinds of suspensions pollute the 
atmosphere: 


1. Dust, and that includes sand, carbon 
particles, ashes, rubber from tires, 
clay, brick, etc. 

2. Condensation nuclei, which, due to 
their chemical nature, attract 
water vapor from the air to form 
minute, visible or invisible drop 
lets. 
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WILL 
YOU READ 


ABOUT IT? 





poco ene -- - ---- - - -- - -- - - - - -- - 


This new little book speaks of safe- 
sealing for fluids under pressure with 
the plain honesty the subject of safety 
deserves. 

It tells with sketches and few words 
how the “Flexitallic” art which estab- 
lished itself in wide use through safe 
performance has now put safety on a 
new level. 

You: are not asked to abandon one 
theory and accept another. The book 
deals with a record of performance and 
identifies the practices that make the 
record possible. You are urged to believe 
only what pre-testing can—and will— 
prove to you. 


’ 
We'll send you a copy 
A post-card will serve but you will help us 
in record-keeping by giving us the name of 
your company and your title or department. 





NEW SAFETY IN GASKETS 


















_8th and Bailey Streets 


“‘FLEXITALLIC GASKET COMPANY 





Originators of Spiral-Wound 
Gasket Construction 


Gaskets of this name are 
manufactured only by 4 


a } 


Camden, N. J.) 
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The condensation nuclei play an im- 
portant role in the formation of fog, haze, 
clouds and rain. In the free atmosphere 
the nuclei present the surfaces on which 
the vapor condenses. These nuclei them- 
selves are invisible to the naked eye and 
can be made visible only in the electron 
microscope when magnified many thou- 
sand times. 

The long list of condensation nuclei is 
headed by sulphur dioxide, which, under 
the influence of sunlight, turns into sulphur 
trioxide, and with its associated water 
vapor from the atmosphere forms sulphuric 
acid. Sulphuric acid is responsible for 
much of the corrosive effects on city struc- 
tures; it is also the cause of the irritating 
and biting sensation in the throat. Other 
substances acting as nuclei are nitrous and 
nitric oxides, phosphorous and common 
salt. The chief ‘‘man made’”’ sources of 
nuclei are industrial furnaces and _ pro- 
cesses of all kinds, such as blast furnaces, 
bessemer converters, open hearths, rolling 
mills, coke ovens and all industrial and 
domestic chimneys. In addition, there are 
the transportation facilities, such as steam 
and diesel locomotives, steam and motor 
boats, trucks, automobiles and airplanes. 
In short, all combustion processes—no 
matter whether the fuel be solid, liquid or 
gaseous, will contribute nuclei. 

These condensation nuclei abound in the 
atmosphere; and even in the purest coun- 
try air, sufficient nuclei are always present 
to produce fogs, if the general large-scale 
weather conditions are conducive to it. 
There is always an excess of nuclei present 
in the air, so that even in the densest fog 
there are a great many nuclei which have 
not taken part in the condensation pro- 
cess. 

In regard to the diesel engine, it has 
been found that the cleanest diesel exhaust 
contains many condensation nuclei. 

The air pollution problem in cities and 
industrial areas is not solely concerned with 
the visible nuisance caused by smoke and 
dust. The over-whelming excess of nu- 
clei and their relationship to the ever- 
changing weather conditions represents a 
much more complex and important aspect 
of the problem. 

Industrial areas and large cities are 
copious producers of particles that present 
surfaces for the condensation of atmos- 
pheric moisture. In addition, such areas 
are usually located in the vicinity of water 
surfaces for convenient transportation. 
In that regard, the spray from the sea 
contributes quantities of particles of salt 
that act as condensation nuclei. 

While fog formation is facilitated by the 
presence of abundant nuclei and of water 
vapor, other large-scale factors such as 
wind, temperature distribution with eleva- 
tion, etc., must fulfill certain conditions 
before actual fog will form. If these con- 
ditions are fulfilled, then fog will form at 
an earlier hour and last a longer period of 
time in industrial areas than at localities 
where pollution is relatively small. The 
reason for this ease of fog formation and 
its persistence is of interest. 

In air of low relative humidity, the 
hygroscopic condensation nuclei, originally 
extremely small solid, liquid or gaseous, 
particles, attract water vapor in which 
they dissolve to form an invisible droplet 
of a salt or acid solution. With an increase 
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in relative humidity up to approximately 
70 to 80 per cent, the droplets at first grow 
slowly. At relative humidities above 80 
per cent the rate of droplet growth is more 
rapid and the droplets finally become vis- 
ible. 

In pure country air, fog will not become 
visible until a 100 per cent humidity has 
persisted for some time, as the relatively 
few droplets must grow to a considerable 
size before they have an appreciable effect 
on the transparency of the air. On the 
other hand, in industrial areas, haze and 
fog becomes apparent at relative humidi- 
ties far below the saturation point, as a 
large number of small droplets greatly re- 
duce the transparency of the air. 

There is no material difference between 
nuclei, haze and fog, the only distinction 
being the degree to which the transparency 
of the atmosphere is reduced by the sus- 
pended droplets. If dust or particles of 
carbon are mixed with the fog, the so-called 
“smog’’ results and the visible conditions 
of pollution are aggravated. 

In an industrial area, the condensation 
nuclei composed of sulphur dioxide are 
among the most serious. The Meuse 
Valley tragedy (7) was caused mostly by 
the sulphuric acid formed from _ these 
combustion products. So far, however, 
none of the ordinances that have been 
adopted have shown any realization of the 
complex problem confronting communities 
in abating the air pollution. Clearly, the 
Ringelmann Chart is inadequate as a 
measure of the factors described. 

In addition, it would be advantageous 
to know the pH value of the rain and 
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for ash removal as you need. Why not 
get full details on the money- and labor- 
saving Beaumont Birch “Vac -Veyor” 


possibly fogs and clouds over an industrial 
city. The CO, present in an industrial 
atmosphere is generally accepted as bring- 
ing the pH value of rain to 5.5. However, 
some rain has shown a considerably lower 
value. 

The use of low-volatile coal, while un- 
doubtedly easier to burn without releasing 
quantities of smoke that would violate an 
ordinance, would still not overcome the 
fog-producing condensation nuclei. <A 
glance at Johnstown, Pa., and Charleston, 
W. Va., where the domestic fuels are low- 
volatile coal and natural gas, respectively, 
will indicate that given the right weather 
conditions the air pollution present will aid 
in forming fog. 

What is actually needed is a modern 
research program in atmospheric polution 

In closing, the author wishes to express 
his thanks and appreciation to Dr. Hans 
Neuberger, Professor of Climatology, 
Pennsylvania State College, for his invalu- 
able assistance in the preparation of this 
text. 
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Deliveries of Large Turbine- 
Generators 


In view of the present unprecedented 
activity in utility construction, deliveries 
of large turbine-generators and electrical 
equipment for central stations are sub- 
ject to considerable delay. A_ typical 
statement of the situation is contained 
in the recent announcement of Tomlinson 
Fort, Manager of the Westinghouse Cen- 
tral Station Sales Department. Despite 
greatly enlarged production facilities, he 
that scheduled deliveries of tur- 
bine-generators above 10,000 kw are such 
that those purchased now cannot be put 
in service until the second half of 1950. 
For capacities below 10,000 kw the sched- 
ules are not filled that far ahead. 

Large motors for auxiliary drives now 
require 15 to 20 months for delivery and 
smaller motors can be shipped in 3 to 8 
months less time. There is great need for 
proper coordination between ordering of 
the turbine and the auxiliary motors so 
that the latter will not form a bottleneck 
in getting the new unit in service 

A two-year backlog of unfilled orders 
exists on assembled metal-clad switch 
gear, and delivery time on orders for 
large outdoor oil circuit-breakers is 18 to 
28 months. For power transformers 
above 12,500 kva the shipping schedule is 
21 to 26 months and 19 to 22 months for 
smaller sizes 

With reference to turbine-generators, 
Mr. Fort stated that the delivery situa- 
tion could be aided greatly if more orders 
followed the A.I.E.E.-A.S.M.E. recom- 
mended standards for unit sizes of 11,500 
to 60,000 kw. He pointed out that most 
manufacturing plants today are geared 
to quantity production. and that wider 
use of standard designs would not only 
aid deliveries but would also tend to pre- 
vent further price increases. 


states 


Research and Development 
Aided by Department of 
Commerce 


Although established some months ago, 
the research and development facilities 
afforded to industry by the Office of 
Technical Services, Department of Com- 
merce, have not been widely publicized. 
The purpose and procedure, as outlined 
in a memorandum issued January 7, 1947, 
is to initiate and conduct applied research 
and development of inventions, processes, 
mechanisms, etc., that hold promise of 
usefulness and benefit to industry, large 
and small, by promoting and encouraging 
technological advances, creating new and 
improved products and increasing em- 
iloyment. 

The research fund, created by the last 
Congress and administered by the Indus- 
trial Research and Development Division 
IRDD) is open to all industry, and con- 
tracts for research projects which meet 
he requirements are to be placed with 
universities and private industrial 

arch laboratories. 

The patent .policy provides the con- 

ictors, inventors and their co-workers 

ith maximum incentive to invent and 

‘esent ideas through the use of govern- 

ent funds, inasmuch as the inventor will 
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be permitted to retain ownership of any 
invention resulting from the research, 
subject to the usual royalty-free license 
for Government use. If he wishes to 
apply for patents this will have to be done 
at his own expense. He will also be re- 
quired to grant licenses, on reasonable 
terms, to other applicants for use of any 
inventions resulting from the contract. 

Before undertaking a contract the Gov- 
ernment is to investigate its 
merits and probable success, for which 
purpose a Review Board has been created. 
Moreover, the IRDD will assist in finding 
a market for the invention and take the 
initial steps to establish it industrially. 

Finally, the inventor of a successful 
project is required to return to the Govern- 
ment the sum of money that is properly 
chargeable to the part of the contract that 
was directly responsible for the invention. 
Payments are to be made as a percentage 
of the industrial profits and receipts from 
royalties until the required amount is 
returned. 


supposed 


Record Peak Loads 


Major electric utility 
loads for December 1946 set an all-time 
high of over 43 million kilowatts, ac- 
cording to figures compiled by the Fed- 
eral Power Commission. This figure is 
14 per cent higher than that of December 
1945; it exceeded the wartime high by 
12.9 per cent; and by a substantial mar- 
gin set a new record. Corresponding 
energy sales for December amounted to 
20,432,207,000 kwhr which was also a 
record maximum, representing a gain of 
14.4 per cent over December 1945. 


system peak 


A.S.H.V.E. Meeting 


Announcement has been made that the 
American Society of Heating & Ventilat- 
ing Engineers will hold its Semi-Annual 
Meeting June 2 to 4 at the Hotel del Cor- 
onado, Coronado, Calif. The Southern 
California Chapter of the Society will act 
as host for the occasion. 


Personals 


Erling Klafstad, for the last 18 years 
chief engineer of Crosby Steam Gage & 
Valve Company, has been elected vice 
president in charge of operations and en- 
gineering. 

George W. Kelsey, general sales man 
ager of Builders Iron Foundry for several 
years past, has been named a vice presi 
dent of that company. 

E. A. Weber, who has been associated 
with the New York Office of Refractory & 
Insulation Corporation for over five years, 
has been made sales manager of distribu- 
tors for that company. 

Harold V. Rasmussen has recently been 
appointed chief engineer of the turbine 
department of DeLaval Steam Turbine 
Company; Harry Engvall, chief engineer 
of the helical gear department; and Hans 
Gartmann, chief engineer of that com- 
pany’s centrifugal pump and compressor 
department. 

Martin Meyer has been made assistant 
manager of Sauerman Inc., 
Chicago. 

G. C. Derry, vice president and general 
manager of B. F. Sturtevant Company 
was elected vice president of the National 
Association of Fan Manufacturers at its 
Annual Meeting on February 12-13 
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STORE MORE NOW 


with the 


SAUERMAN 
Scraper System 
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coming transportation squeeze. 
can 
present stockpile with a 
SAUERMAN Scraper 





You 
increase the capacity of your 
low cost 
System—engi- 


neered to meet your exact requirements. 


No matter whether you are a large 
or small user, there is a SAUERMAN 
Scraper System that will safely pile 
more coal on your present storage 
space, any shape or size—and your 
storing and reclaiming costs will be 
less—only a few cents per ton 


handled. 





SAUERMAN Equipment stores and 
reclaims safely, rapidly, cleanly and 
requires only one man to operate. 
Builds a homogeneous pile in com- 
pact layers—free of combustion 
hazards. 

Upkeep is simple and installation 
cost surprisingly low. 


Write us for more complete information. 






SAUERMAN BROS., Inc. 


550 S. CLINTON ST., CHICAGO 7, ILL. 
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EQUIPMENT SALES 


as reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census 





Boiler Sales 
Stationary Power Boilers 


1946 1945 1946 1945 
Water Tube Water Tube Fire Tube > Tube 
No Sq Ft* No Sq Ft* Sq Ft N Sq Ft 
Jan 73 =1,109,924f 96 534,669 60,710 
Feb c ,262,520 101 481,726 99,815 
Mar. ,357 650 759,214 87,266 
Apr ,247,693 422,213 99,154 
May : 58 980,004 812,989 83,285 
June : 980,231 36 1,266,372 106,085 
July ( .469,638t 013,156 134,714 
Aug : 28 877,497t 853,758 139,936 
Sept 36 ,207,409 ,000,878 128,948 
Oct 8 ,591,936 823,329 149,768 
Nov 5 ,043 ,988t 804,089 126,425 
Dec 5s ,067 ,988 160 1,051,240 147,974 
Jan 
Dec 
incl 1,999 14,196,478 1,693 9,842,998 1,181 
t Revised 


154,064 
171,100 
180,532 
137,614 
117,554 
157,664 
97,276 
147,684 
94,164 
104,434 
70,332 
79,804 


1,078 1,364,080 
* Includes water wall heating surface 


Total steam generating capacity of water tube boilers during the period 
Jan. to Dec. (incl.) 1946, 137,457,000 Ib per hr; in 1945, 89,466,000 Ib per hr 


Marine Boiler Sales 


1946 1945 1946 1945 
Water Tube Water Tube Scotch Scotch 
No. Sq Ft* No Sq Ft* N Sq Ft No. Sq Ft 

2 11,276 335 1,400,000 1 590 } 1,073 
- 34 178,726 

— 193,124 1,706 

18 46,390 } 65,252 263 
9,040 2% ,362 263 
17,620 : 537 520 

7,424 é 539 

. 36 : ) 5,087 

11,836 < 3,802 990 


611 


111,236 613 2,523,181 30 
* Includes water wall heating surface. 


Total steam generating capacity of water tube boilers sold in the period 
Jan. to Dec. (incl.), 1946, 1,023,000 lb per hr; in 1945, 29,503,000 lb per hr. 


incl..... 66 10,569 


+Mechanical Stoker Sales 


1946 1945 946 1945 
Water Tube Water Tube ‘ire " Fire Tube 
Hp E No. i No. 
Jan.. ; } 35,757 187 
Feb. 40,880tf 162 
Mar : ¢ 45,646 233 
ae 9% 45,606f 197 
BeOy..... 49,653 240 
a 6 §6©42,259t 249 
ee ¢ 50,668 265 
Aug.... 7: 98 
Sept 95 
Oct ; -- < 4 367 
Nov , 34, 31,295 29% 2% 330 
Dec.. ne 5 27,815 67 31,448 21,46 264 
Jan.—Dec., 
905 467,610 1,400 390,957 _ 3, : 37 2,687 
t Capacity over 300 Ib of coal per hour. i 
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USED UNDERFEED STOKERS 


The City of Detroit, Michigan has for disposal three 
(3) only Hare Side Dump, Single Retort Stokers, now 
operating, and are firing 290 H.P. Water Tube Boilers 
at 175% nominal rating; available in‘May. Grate size 
8’-0" x 8-0”, including dumps. 

WRITE IMMEDIATELY 
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The steady, uniform flow produced 
by the rotors in an IMO pump is ideal 
for oil burner supply, hydraulic service 
and other applications requiring an 
even, smooth flow of fluid. 

For information send for catalog 
1-133 -V. 
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i-Pressure Gage Glasses 


Round, Tubular and Flat Type 


RUBBER GAGE 
GLASS GASKETS 


Series 750... All Sizes 


Inclined tor 
Better Visibility 


Standard Type—Offset 
Adjustable Inclined 
Gage Fittings 
Other Ernst Specialties 


GAGE GLASS ILLUMINATORS 
NEW PLASTIC GUARDS 
SIGHT FLOW INDICATORS 
SPLIT-GLANOD WATER GAGi 
STEEL GAGE VALVES 
FLAT GLASS INSERTS 
ALL IRON GAGES 
HIGH & LOW ALARM COLUMNS 
MICA SHIELDS AND GASKETS 
AND OTHER HELPFUL TIPS ON 
teliSs B ielel BT aaa) 


Leakless Super Try Cocks, Bronze 


Send for Catalog 48P and Forged Steel Construction 


WATER COLUMN & GAGE CO. 


LIVINGSTON, N, J. LIVINGSTON 6-1400 
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